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- Aftrenomy, T: rigonowetry 40 
Geometry , Geography, Topogra | 
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"A EL thar is intended in this Trea- 
 iF'X ftiſe, is 10 acquaint thee with an In- 
ſtrument, that is both portable and gewe- | 
: ral, of no great price, eafie carriage, yet \ |} 
of a] ery and Accurate diſpatch inthe © 
moſt dificalt Problems in Aſtronomy, Sc. 
The lines for the moſt part have been for- | 
merly publiſhed by Mr, Gunter , thefa- | Þ 
ons Mr, Foſter, Mr. White, &c, The __ | 
 reduttion of the 28. Caſes of Spherical 
Triangles unto 11 Problems,1 firſt learn- 
ed from the reverend Mr.Palmers Catho- 
lick Planiſphere. 'Many of the proporit- 
ons in the Treatiſe of Dyalling are taken 
from (though firſt Fore with the 
Globe\ my worthy Friend (to whom I am 
- Indebiedin all the Obligations of Civili- 
19, and without whoſe encouragement this 
had never adventured the publick Teſt) 
Mr. John Collins. The epplying Mr. 
Foſters Line of Ferſed Sines wnto the 
Setfor was firſt publiſhed by Mr. John 
| X | Br own, 
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' "To the Reader. 
Brown ,; Mathematical Inſtroment-Ma- 
ker, at the Sphere and Sun-Dial in the 
_ Minories, London, Anno 1660. who 


bath very much afifted me , bymaking, 


adding unto, and giving me freely the 
peruſal of many Inſtruments accerarng 
not ects, 1, 1 wen 
was propoje eo h ”m. Afr this account, 
what hath been my part in. this Work, 1 
hazard 10 thy cenſures\ «nd when 1 [ce 
others publiſh amore convenient , ſpeedy, 
| 4ceurate, ayd general Inſtrument, I aſſure 
them to have as low thoughts of his , as 
themſelves, Bui hereis ſo large aCatalogue 


of Errata's 45 would ſtagger myconfidence 


at .thy pardening, had they not been ir- 
revocably committed before 1 recetved the 
leaſt notice of them, The Printer writing 
me word (after 1 had corrected ſo much 
' 85 came tamy fizht) that he. could alter 


F no Miſtakes until the whole Book was 


printed: By which means he.cuforced me 
10 de penance in his Sheets , for his own 
Crames: Did not one geſt miſeheor his 
become my purgation , Viz, in lib, 3. 


$9 % + \ 1.5 
4.4 $ ad 
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provement, that + 


(through- 


ware. Nees T ) va wah} ” ofte W 
(rv noit of I (marked thus =) f 
bath inſerted the Algebraick note of Sub- 
irattion, or Minoration (marked thu-) 
Nor hath the Engraver come bebinde 

the Compoſer, who ſo miſerably mangleth | 
Fig. 13, 1 the (at firſ feht) it would 
endanger branding of 4 mans Brains 0 

ſpell the meaning Brice, either init ſelf, 
or in reference ta the Book, Allthar 1 646 
belp thee herein,ii this; Whereas the Beok 
mentions that Figure for an Baſt. Dyal 
you account it (as now (ut) «Weſt Dyaly. 
and alter 1be names of the hours , by Amt 
ting Figures for the afternoon dn ia the _ 
' ef rhaſe there for the morning ; ri. 
then have a true Weſt Dyal tbe: 

The correttion of Punit ations Me. 
an endleſs task ; for I finde ſome tobe T 
. ſolwea, ever ſince Valentine, jo recreate 
themſelves at Spurn-point; 

What other material miſtakes are in the 
Book (which ought to be corretted before 
reading thereof) you will finde mentioned 
in the Errata, Farewel. 


| | March 2g. 1667. L Ti 
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bt | * Lord, 4 We > YO iae04$ 
Inoe-the  criflin> Treatiſe" of 
Almanack harh i dfurped 2 cali 
ro: pinion | Tothe' "Hor 
Name tothe Patrotage'6f the A 
Folliesz had we not certain evidence 
from the uincertainty"sf cheir Predicti- 
ons, that their Brains (like their great 
Oracles the Planers ) are often wan- 
dring ; ir might be deemed a Crime, 
beyond the benefit of the Clergy , to 
prefix before any Book, a dedication to 

a * Noble Perſon: Or when I read t 

nnreaſonableneſs of "others in thoſe Ad- 
dreſſes, imploring their Patrons to be 
cheir Dii Tutelares, and $I their 
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nels, My x det isonly to give 
- your Lore a ſervance jr; your 

Commands the Deſcription and , 
pn Mi nag 


3 Or defe&) 1; deſ air nor, bur . 
meet with Y 
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bs The Semicirele Lib.1. 
be1 It into the I Tenons at che end of the 


___ Eng prong this manner T0 
gether ) we take notice (for diſtinion ſake) 
of the lides, ledges, ends, and pieces. 

he:ſides are, thus differenced,onewe call 

quadranal, the other the propotrional, 
"The ledges pre difinguiſhed b 

edges are djflingui y naming 

one the trad, digit the outward 
ledge. 

The ends are —_ in terming one ae 
head (viz. where the-two pieces are rivete 
cogether)the orher the ja 

The pieces are diſcovered by og 
the fixed piece, viz. that which hath the ri- 
vet upon it ; the ſecond the movable piece, 
which turns upon that river, and the laſt rbe 
looſe piece. _ TR the tenornis, as be- 
Ts condearral Gde of the joyned 

e ——tl ide of the joyne 
is ealy Iifcerned; having che ins & ts 
Monerhs ftamped on hen movable piegey 
Per. Scale on the fixed piece. The ws Noo 
fide of the looſe piece is known by the de- 
grees on the inward and ontward I;mb. 

Theſe direAions are 'firfficient ro inflru@h 
you how to pur the Infirinnent copgether,” 


Imagin- 
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WW" # Belles.) 
nt the Inſtrument this 1 | 
_—_ upott the tuadranta las. afe 
cheſe, © © 


* B&ft 0 the ded piece; nextthe o_— 
limb, is 4 line of 12 equal parts; and eath 
hoſe parts divided ihro'30 deprees, mat ww 
from the ed towards the head with TS If 
&+; repreſeting ehe t2'Signs of the Zodi- 
ack ; theſe of 'this fine; with the help of 
eh6fx uhder it, was itrended ro find the hour. 

of the hight by the Moon.” | 
\ -Thenext line tothigis line of ewice 1 w 
of 1equit parcs, each divifien whereof cuts. 
every: rib degree of the fotmer line; and 
therefore if the Faure wete fer to every 1 

degree of this fide the former line, rhis e- 

Ting -wortld be \ifelefs; and the Rove: 
perforin'its/ office' ttiore: rey Bree This fin 
was intended an aſſiſtant for finding the Hem 
by the Moon ; bot Yewyry ready to find che 
hour by any ofthe 

wa herhirg fine'is #fins' of 297 z equal p pot, 
ſervitts for the dayes VE the me ty wp 
order to find the hour of <e nf 

Mob” Bat che operation is o' re, (ons? 2d 
far from 6x4 F; J'efhat f have no kind » 
for 0 ah&ſhofe place fome ocher fin 
eh&"r66iii of this and the forttier; did f 06 
telolve r@ __ upon no maps phantafi - 3 


4 - The Somdede Lib. 

© The fourth line is a line of alkcitndesfFor a 
,Articular latitude, noted at the 'end;. Pars; 
cale, &c, This helpech ro find the hour and; ' 
azimuth of -the Sun, or--any fixed Stat yery 
exactly. by bes. | ; 


NO ” 


The fifth line-is a line of natural (ines ; at: 
the beginning w excofthere isa pin, orelſe 
an. hole, co put a pin.into,. whereon.to,_ hang, 
the thread and plummer for taking. of alci- 
rudes., To this line of fines may bejoyned a: 
line oftangents to 45, degr. The uſe of the, 
ſings alone , is to work proportions in {igns. 
The uſe ofthe ſines withthe rangent line may. 
be for any,proportionintcigonometry ; bur. 
thatT leave to liberty... hs 
.The {xc ling, and laſt on this lideche fix-, + 
ed piece & aline of verſed fines, numbred. 
from the- centre at the, head. to 180 at the 
ens dA fg gy oe a 
' On the quadrantal ſide. of the movable 
piece, the firſt line pext the inward edge, is 
a line of verſed (ines anſwering tothat onthe 
fixed piece. The ule of theſe verſed fines is 
variolisar pleaſure-.,, ... 7 
The ſecond line from the inward edge, is a 
ling of hours and; Azimurhs ſerving eo, find 
the hour by:rhe, Sun. or Stars, or che Azi- 
much ofthe Sun, or any fixed Star, from che - - 


ns ad The 


' f 


South. » 


nee x - 
Lib.I.; . on a Setter, . ty 
© The | third and' fohttft "Lines are lines'of 
Moneths, marked with che reſpeRive names 
and each Moneth divided into ſo many parts 
as it contains dayes. '''' = 
- The fifth line is 'aline of -ſigns marked Y, 
S& Ul &c, cach (ign' being divided into 30 
tahd proceeding frim N,or-A1ex(whictr 
aniwers to.the renth'gf March Yin theſaie 
* order'/as the Moneths. "The uſe of thisline, 
| with helpof the Moneths, is to find the Sans 
place in the Zodiack.”! 112919 4 4 09349 
| * » . The ſixth line is a line of the'Suns” righe 
® aſcenſion, commonly noted 'by hours' from 
, 00 to 24; but berter if divided by degrees 
| or ſinegfrom oo to 360, and both wayes po 
| ceeding backward and forward as the ſigns 
| ofthe UNE, or dayes'of the Moneth. © 
| Laſtly the outward edge or limb of the 
movable -and looſe piece both, is graduated 
unto I$o degrees, or two quadrants; whoſe 
centre is thepin, or pin-hoſe before menti- 
oned, at the'beginning'of rhe fines- on this 
' ſlide the fixed piece. The perpendicular 
is at of 60' upon the Toole piece; [from 
whence reckoning along the outward edge 
of the looſe piece, till '1t' interſets the pro- 
duced line of (ines at the end of che 
piece, 'yoti have go degrees. Or col 
from 0] 60 on the _ piece, and cominu- 
| 37> 3 ing 
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irgipngþe degrees of the ound limb 
afche moyahls Pigeh. until they incerſet the 
produced ling of. fines gn.t | piece at 
the head , you have again 99 deprees,. which 
only rhe ee xcle.. The fe of this 
line ortaking af g{curuges, TON os 
former 90. Jegr: when you hold | 
nocd d piece re the $un ;. and” oO 
ypon chjs larter, when you hold (wh 
=; becauſe, che degrees are lar 
"= the fixed piece toward hy Wy, = | 
cher wa yen of. nombring theſ fegpres 
dinge 4 inthe rp ih which thall. 
us, 1nfR6/r proper places. peg 2 
-Qazhe quagrantal Lids of the Joole piece, 
the inward, edge, or limb is, gra gate ae 


60 : deghes (qronieÞan, whichyoug 
whoſe Cemiry hy wmv o bead.” .Theuſep 
is tq find the aſticu f the Sun, qr any. 
Stars withaus thread and plummet ; 0x tO Pgr-. 
ſows, ules of zhe Crof-ltaff, bis is 
for} {argc ive ovind LORE, and therefore 
nor itlaſtrared | 
.Jathe upey.por ſpages upon the quadramal 
le may be engrayen.che SE fixed, | 
& With their Fighe aſgenſigons epler be] 
1.7 10 bn» 5 
Qnthe proportional ſide the lings ifaig 
fomnbacenry a35e. Bis ſzme up90- thel 


and 


Lib.I; bn 4. Seffor. 
and moyable piece ; but happily:tranſplaced 
(thanks to the ae atcer chis man” 
per: The linethat liesnext the inward edge 
ongche fixed piece hath his fellow or corre- 


(handene line toward the-outward edge on 
the movable piece; by which means. theſe 
lines all meeting ar the centre, ftand all at the 
ſame angle, and give you the freedom froma 
greatdeal of trouble , io working propor» 
ti08s by. fines and. tangents ,, or laying down 
any {ing or cangent to any Radius given, &'c. 
The lines iſſuing from che centre 0+ 
ward che outward edge of the movable 
piece, whoſe fellow is next che. inward edge 
of the fixed piece, is a line of natural fines 

on the outward ſide; marked at 'the end S,; 
and onthe inward ſide a line of —_— ; 
parts, noted at the 'end' £; che middleline 
ſerving for Both of them. [95 
{ The lines ifluing from the centre next the 
inward edpe' of the: movable falece, whoſe 
_—_— are _— the —_— edge of the 
, ptece y are lines ©  natyral eangent S 2 
which an the outward, fide of the-ling is di- 
 videdta 45 (the Radius ;- 3nd on the inward 
ſideof the . lines (the middle line ſerving for 

borb) at equarter of the former Radius fros 
the centre is another Radius nowed 45 arthe 
beginnipg, and continued to the tangent 7 5+ 
B4 Theſe 
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Th fer noted/at rheend T: The uy 
youwill find Chap. 3,475. 2) 


pet cheilnes'iof lines/ and rangers . 
both yponthe fixed and movable pieces, is _ 
placad'zlins:of ſecotids, cotrinued urſto/60z : 
| and marked othe end Se; Joey 9 

/Neitt0 thequtward edge on the hiked and 
movable cpiece '( which is 'beſt difcerned 
when-thofe" pieces are opened \co the full 
lengch!) is gline of Merjdiance divided to By 3 
whoſ@ uſe: is for Neviandon in deſtribing | 
- Charts;e#c. ESL» 
che vacant ſpaces you: __ have +lins 
raed ſings; and:rangents;;rolany: 'Radins 

et will bear ;| and whar ocher any dns, 
*FWihke daſt'of,) as-a' line of- latirudey and 
IO1YS;: "$14 *\ A ©1D. 48 THY 744% , 

>iDulithe: propoſtionsl: ſide" of te ood 
piece are lines for .meaſtiringall manner of 
folids; as Timber, Stone" &6.: likewiſe for 
gaping of Weſſels eicher' fn Wine or: ly 
meaſure; 1 Wig 7 

- *Onithe ounard le ofthe movable and 

fined: hict:in uſe. mutt' be 

Ek the ful tag angen, is a line of 
artificist numbers, lines, $, and veſed 
ſines.* Thefirſt aged? no che fecond $,rhe 
thivd Tithefourth FS, 2d 


"Oath —_ of he movable piece 
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isa line of 12 ;nckics divided in into ES _ : 
refs, balf-quarters.” af is a 


line, whoſe uſe isfor compyring of ciphe | 
and carriages. Laſtly aline of foot meaſure, 
' ora foot diyided into ten parts > and each of 
choſe ſubdivided intq ten or tiverity more. 
On che inward ledge of the looſe piece 
you may have 3. line of cixeftmference, dia- 
merer, ſquare equal, and ſquare inſcribed. 
There will Q;Þ be requilite (Gghts,2 thread 
and plummet. And if any goto the price of a 
fliding Index; to-find the ſhadow fromyrly 
plains perpendicular, in ardet; to::takihg: 
plains. declination, andbave.eftaff and a ba 
focker, the Inſtrumdene is compleated with i its 
furnieare.: Protetd wenow.tethe uſes. - 
20 nors by the way that, ecBrown bach 
or..,conveniency; of, caryying. a pair:.of 
e,Pen,lok,andPencil)cancrived che 
fixed piece'and-movable! both-ro be hollow 
and then the pieces char-cover thoſe hollows 
do,one ſupply: the place of the looſe p iecefor 
taking: altixuges ; the! other { beings id 


rule) for meaſuring ſolids ns ing V 
ſels IN OK ompa 5 bs 
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27s fmtthy altitude of the [Rp any Star: | 


Hs the thread and plummer upon the 
in at che beginnin of the line of fines 
on che "Fned piece, <yorTy avinpewso (i —_ 
two holes parallel eothar line }- raiſee 
Bin got cone Joy hog oem 
rayes-paſs -t ghes (bur when the 
San is in a cloud, or you cake-the altirude of 
any Star , look along the outward ledge of 
the fixed picce, nntil ir be evehwiththe id- 
dle of che Sun or''Star) ther onthe limb che 
thread ents rhe degree of '#kirade , if you 
reckon from-o[60"0n the ono aged 
ehe head ofghe movable pow”; | 


roward the Sununtil _ | 


v, 


Lib.Is l 0a # Selftor; 


The day: Gol Hevthgion to fud the Sun 
place, declination , aſornſronal difference y ar + 


tions of riſing nnd ſetting » ith bis right 
oe OT 


The thread laid to the day of the Maneth | 
ivesthe Suns place in the line of ligny, rec- 
oning according. to the order of the 

Monerhs ( viz. torward fram Marchthe 
Toth, to June, then backward to December, 
_ and forward again tab [10,) In thier 
limb you have che Suns declination , reckon- 
ing from 60/0 onthe movable piece towards 
the head for: North} toward the end' for 
South. declination..; Agsin , on- the ling of 
righs, aſcenlions, the chread ſhews the Suns 
right.aſcenhon, in degrees, or hours, (accare 
ding.to the making: of - your line) counting | 
from, #4 toward che bead, and fÞ back'a» 


gain according tq the. courſe of rhe ligns un» 
co 24 hours, or 360 degrees. Laſtly- on che 
line of hours you have the time of Sun riſing 
and ſetting, which turned into dag (for 
the gimg from (ix) gives the aſcenſional dif- 
ference. Ex, gr. in lar, 52. deg. 30 min. for 
which latitude I ſhall make all the —_— 
e 


The Semicirele Lib.T. 
The 22 day of March lay the thread coche 
day in the, Moneths; and find ir cut in-che 
Signs 13 de . 20 min. for the Suns place, bn 
the- limb. 4 deg: 43 twin! for the Sung decline 
tion, Norrh, - In tine of righr-aſcenfions 
ir gives 46 min. of time;or 11 des; 130 min; of 
the circle. Laſtly, on the line of bours it 
ſhews 28min. before ſix for the Suns riſing; or 
frm patoni 7degs 1 for his aſcenſional dif- 
ference. 
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Aeon Oh mg imn.wanr , oy ' 
The” teblndtion' of the Sun or any Star given to 
find - Weir pra» * | * 
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"Take the dectination eden the ſcales of al- 
tititdes; with chris diſtance ſerting one Þvine of - 
y aſſes ar go onthe line of Azimnth, 

Hecker oreothe ſameling ic Bee | 
atpHHde; counting" from go Ex, 


ro deg; deflinatiah; theum od is 
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- aſcenſig 


| InNorthern ——_— Z the PETE 
berwixt the right aſcenſion: 4hd aſcenfional 


_ difference, isthe oblique aſcenſion, In Sol- 


thern declination takeche ſumm of thendfor” 

the oblique aſcenhion,Ex.griat1i degszafec. 

right aſcenſion,and 6 dep. 30 ec. aſcenſional - 

difference. In Northern declinationche ob- 

oe aſcen{ion will be 5 Oe in rs: 15 : 
eps ep 


7 - 


" . LY : 
LE IET TD, 


"ON. th; Pro 5 Colt 


» 
[ 


'S 1; 


The Suny ahltwde ind dichinatidn, or the day of b 
the Moneth given to find the bor. 


Take the Suns alcicude from the Scale of 
alcicudes, and hying the chread to the decli> 
nation.in the limb (or which is all one, cache 
day in the Monechs ) move one point of the 
compaſſes along clie lihe-of hours (on:char 
lide che thread next the end); until ctheorher | 
{uy pak touch che thread;z thenthe +for-; 

mer 


 uPÞ | Th Setvitivtle 

met point ſhews the hour ; but whether it 
be before or aftep noon,[(isteft ro your judge 
ment to determine. Ex. gr. The 22 day of 
Marth, or 4 degi43 mitt, North declingtions 
and.20. deg, alrirades:the hout. is 6icther 47 
minutes paſt 7 in the morning, or 15 mnintes 
paſt 4 afrernoon. 
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7 bi deelination of the Sun,iv day of the Moneth, 
. and nar given to' find the altitude. | 
-Laythe threat co the day br declinationy. 
dtrd eakerbeleaft diſtance. from che .hour vo 
the thread, this applyed to the line of alet< 
tudes, pives the alricude required. Ex. gr. 
The 5 day of eApril or 16 deg. declination 
North, at 7 in the morning, or 5 afternoon; 
the altitude wilt be 17 deg.10 ſec.afd bettor- 
SES. 
The declination an hont of the Sigh, given #6. 
find che Swns depreſſion ander tht herizon, 


Lay the chread'rorhe declination: on the 
limb: ; bue counted''the conrraty way vis, 
from -6o0Jo onthe movable —— | 
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head for Southern ; and toward the end for 
Northern deelination;/ This done take the 
neareſt diſtance from the hour tothe thread, 


' and applying it rothe line of aktirndes, you 
' have the degreesof the Sungdepreſſion;” Ex: 


or.at 5 deg. Northern declination,& 8 hours 
afternoon, the depreſſion is 13 deg, 3o min, 
| SS Fig tey, = a, 


The declination given to find the beginning and 


end of twilight, or daybreak 2. 


- Laythechread to the decſination counted. 
the contrary way, as inche 1a Problem 'and 
cake fron your Scale of altirades 18 deg.for 
ewilight, and 17 deg, for day-brenk, of clear 
lighe ; with ehisron one poitit of the Cont- 


| paſſes aſonp the line of houres (on that fide 


nextthe end) untilche- cefier will juſt touch 
the thread, and then the former point gives 
the reſpeRive-times required. Ex. gr, Ax 
7 deg. North declination, day breaks $ mi- 


nutres before 4: bur ewilight is 3 howres'ts 


minutes in the morning, or 8 kowy $2-mi- 
nutes afcernoon. 
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po 02 atidadeof the San. of any. 
: declination... 99! THIS! $443; 
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"ar the thread tothe attitude numbred on 


the limb of theamoveable piece from 60/0 
roward the end (and when occaſion requires, 


* Continue: your, rpeoes forward. upon .the 
looſe piece} and. rake the declination from 
your. line of alomnde ; with this diſtarice run 
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| Lay thethread to the aleicude pra apa, 
from 60 /o on the looſe piece to-« 
a1 No and on che line 'of Azimuths 


- 1Stangipentaod their dejnunth oWaoher ! 


"1 


"Es 6 - oF 
LL ' curs*the 'Azimuch from'Sourh Ex.gr, «at 
| 25 deg/alriendeche! Azimach'is' 53 dep'At 
30 deg. alritudeche Azimuth 13741 deg.1304 
min. fere. 1 O40 3 © Tt INN 
| PRo38.. It. 

T he declination and alfitiide oft the Sun, or any 
. Star given tofind the Azimuth in Sonthern 
oF | declination.” CEADS A SobV6e- 1 ' 4 þ 
Lay thethread to the alticude numbred'on 
che limb from 60/0 on the moveable piece 
towvard the end, and take the' declination 
. fromthe' Scale of alticudes;; then carry'otie? 
point 'of your Compaſſes on the line of Azi-' 

| muths (on that fide the thread nexetheend) 
1]; untilthe ocherjuit couch” the thread, which 
© | done, the {f »rmer point gives 'the Azimuth: 
from South. Ex, pr. at 19 deg.-altitude and 
6'deg. Sourh' declination the Azimuth is 
' 58 deg. '30'min. Þ »obldith W129! 
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'Þ PRORrRLC 1% ; 
The declination piven to find the. Suns altitude at 
” Eaſt or Weſt in North declination, and by con- 
A | ſequent his depreſſion in South declination. 


' » Take the declination piven fromthe Scale 

| of altirndesy and ſetting one-point of your * 

; | Compaſſes in 90 on the line of Azimuths, lay 
| the thread'to the other point 'Conthar tide 
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The Semidircle Lib.k. .” 


9o next the head). on the limb it cuts the al- 
tieude, counting from 60ſo an the moveable 
piece. Ex. gr. at 10deg. declination the al- 
titude is 12 deg. 40 Min, 


PROBL- I 3, 


The declination and Azimmth gruep to find the 
- #ltitude of the Sun or any Star. | 


Take the declination from the Scale of al- 
titudes; ſet one-point of your Compaſſes in 
the Azimuth' given, then in North declina- 
nation turn the other point toward the head, 
in South toward the end ; and thereto laying - 
the thread,on the. limb you bave the altitude, ' 
nambring from 6040 on the moveable piece 
roward the end. | Ex. gr. At 7 deg. Norcl 
declination, and - 48 deg. Azimuth from 
South, the altirude is 35 deg. but ar 7 deg. 
declination South, and 5e deg, Azimuth the 
altitude is onely. 283 deg, 3o min. 


PROBL. 14. 
T he altitude, declination, and right aſcenſion of 
any Star with the right aſcenſion of the Sun 
given, to find. the hunr of the night. 


Take ghe Stars aſkticude fromthe Scale of 
| altt- 
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on 4 Settor. I9 
altitudes; and laying the thread to bis decli- 
nation inthe limb, find his hour from the laſt 
Meridian he was upon; as you did for the 
Sun by Probl. 5,-If the Star be paſt the 
South, this is an afternoon hour; if not come 


' tothe South, a morning hour ; which keep. 


Then ſetting one point of your Compaſles 
in the Suns right aſcenſion ( numbred upon 
the line ewice 12 or 24 next the outward 
ledge on the fixed piece ) extend the octher 
point tothe right aſcenſion of the Star num- 
"red upon the ſame line, obſerving which - 
way you turned the point of your Compaſl- 
ſes, viz. toward the head or end. With this 
diſtance ſet one poinr of your Compaſles in 
the Stars hour before found counted on the 
ſame line , and tirning the other point the 
fame way, as you did for the riphr aſcen(;- 
ons, it gives the rrue hour of the nighr, Ex. 
pr. The 22 of March I find the altitude of 


_ the Lions heart 45 deg. his declination 1 3 d. 


40 Min, then by Probl.s5. I find his hour from 
*the laſt Meridian 10 houres, 5 min. The righe 
aſcenſion of the Sun is 46 m, of etime,or T1 d. 
30 m.of the Circle, the right aſcenſion of rhe 
Lions heart, is 9:hour 5 1 m. fere, of time, or 
147 deg. 43 m. of acircle ; then by a line of 
twice 12, you may find the true hour of rhe 

nighr, 7 hour 13 min. 
C 2 - PnRobt, 
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PROBL. 15+ 


The right a{cenſion and declination of any Star, 
with the right aſcenſion of the. $un and time of ' 
night given, to find the altitude of that Star 
with his Azimuth from South, and by conſe- 
quent to find the Star , although before you 


knew it not. 


This is no more than unravelling the laſt 
' Problem, 1 Therefore upon the line of twice 
12 or 24, ſet one'point of, your Compaſles . 
in the righe aſcenlion of the Star , extending 
the other co the right aſcenſion of the Sun 
upon the ſame line, that diſtance laid the 
ſame way upon the ſame line, fromthe hour | 
ofthe night, gives the Stars hour from the 
Iaſt Meridian he was upon. This found by 
Probl. 5. find his altitude as you did for the 
S1n. Laſtly, having now his declination and 
i) alcirude by Probl. 8. or 10: according co his 
"8 declination, you will ſoon get his. Azimuth» 
] from South. This needs not an example. 
By help of this Problem the Initrument 
mighr be fo contrived,as to be one of che beſt 
Tutors ſor knowing of the Stars. us 


PRoOBL. 


on a Seftor. 


Lib. L 
PRoB 1 16. 


T he altitude and Azimuth of any Star given to 
find his declination. 


' Lay thethread co the alritude counted on 
the limb from 60]o onthe moveable piece 
coward che end, ſetting one point: of your 
, Compaſſes in the Azimuth, cake che -neare{t 
dittance to the thread ; this applyed to the 
Scale of altirudes gives the, declination. If 
the Azimuth given be on that {ide the thread 
toward the end, the declination is Sourh ; 
when on chat (ide coward the head,its Norch. 


PROB Ls» 17. 


The altitude and declination of any Star, with þ 
the right aſcenſion of the Sun, and hour of 
wight given to find the Stars right aſcenſion, 


By Probl. 5. or 14. find che Stars hour 

from the Meridian, Then on the line twice 

I 2,0r 24, ſer one point of your Compaſles 

- in the Stars hour (thus found) and extend 
the other tothe hour ot the night, Upon the 
ſame line with this diſtance ſer one point of 
your Compaſſes inthe right aſcen(ion of the 
\. C 3 Sun, 
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22 The Semicircle Lib.1, 
Suns and turning the other point the ſame 
way, as you did for the hour, it- gives the 
Scars right aſcenlion. 


 PRoBr., 18, 


The Meridian altitude given to find the time of 
Sn riſe and Sus ſet. | 


| Take the Meridian aſtictnde from your' 


' particular Scale,and ſerting one point of your 


Compaſſes upon the point 1 2 on the line of 
hours {hat is thepin ar the endJlay the thread 
tothe orher point, and'on the line of honrs 
the thread gives thetime required, 


PRoOsB TL. 19. 


To find any latitude your particular Scale is made 
ore 
Take the diſtance from 90, on the line of 
Azimuth unto the pin at the end of that line, 
or the point 12: this applyed tothe parti- 
cular Scale, gives che complement of that la- 
ritnde the Inſtrument was made for; 


PRoBL» 


63 a Settor. 


PROBL, 30, 


To find the angles of the [ abſle, friley inelinati- 
on of Meridianr, and fix and twelvey for rxatt 
declining plains, in that latitnde your Scale 
of altitudes 15 made for. 


Seat. 1, - 


Tofind the diſtance of the ſu'ſtile from "Y 
the plains perpendicular. 


Lay the thread to the complement of de- 
clination counted on the line of Azimuths, 
and on the limb it gives che ſubſtile connting 
from 60/0 on the moveable piece. 


Set. 2, 
To find the angle of the Stile's height. 


On the line of Azimuths take the diſtance 
from che Plains declination to-90, This ap- 
plyed tothe Scale of alticudes gives! the an- 
ple of the ſtile. 


Sea. 
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Wo Sea. 3. : 


T he angle of the Sulftile given bo find the incli- | 
matey Meridians. | | 


* Take the angle of the {ubſtile. from the 
Scale of altitudes, and applying it from go - 
onthe Azimuth line rowafdthe end ; the fi- | 
gures ſhew tag complement of inclination 08-5; | 


| —— — —_ - 
_ 0 a 


Seat. 4 | bg [| 
Fo \fod the FEYA Lies 6 and I 2. | 


Take the declination Gam the Scale of al- 
ticndes, and ſerting one point of your Com- 
paſſes in go on the line of Azimuths, lay the 
thread to the other point and on the limb ir 
gives ahe complement. of the angle ſought, | 
numbring from 6oſo on the moveable piece | 
toward the end. - 

+, This;laſþ rule :1$inort: ext, nor is1t here 
worthtthe: labour to;rectifie ir byanother - 
line added ; ſich you have an exa&t.propor- 
rion for the Problem in the Treatiſe of Dial- 
ling{h-p.2, SeRtzg. Paragr. 4. 


CHAP, 
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Some nſes of the Line of ' natural ſigns as the 
' Quadrantal ſide of the fixed piece. 


PYEDOEPD 5 


How to adde one ſign to another on the Line of 


Natnral Sines. ' 
O adde one lineto another is to aug- 
ment the line of one line by che line of 
the other (ine to be added co ir, Ex. gr. To 
adde the (ine 15 to the (ine 20, I take the 
diſtance from the beginning of the line of 
ſines unto 15, and ſetring one point of the 
Compaſſesin 20, upon the ſame line, turn 
the other toward 9o, which I finde rouch in 
- 37. So thar in this caſe (for we regard not 
the Arithmetical , bue proportional aggre- 
gare) I5 added ro 20, upon the line of na- 
taral (ines, is the ſine 37 upon thar line, and 
fromthe beginning of the line to 37 is the 
| diftance Iamtortake for the ſumme of 20 and 
I5 (ines. / 
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PRoBI, 2. 


How to ſubſtraft one fone from another ou the 
+.» lint of natural fines. 


The ſabſtrafting of one ſine from an- 
other, 15 no more than taking the diſtance 
fromthe lefler to the grearer on the line of 
ſines;, and that diſtance- applyed to the line 
from the beginning, gives che relidue or re- 
mainer, Ex. gr. Toſubſtra&t 20 from 371 
rakethe diſtance from 20 ro 37 that apply- 
ed tothe line from the beginning gives 15 
for the (ine remaining. 


\ 


P RO B L., 3s 
To work, proportions in ſines alone. 


Hereare four Caſesthat include all pro- 
portions in lines alone. 
| | CasEe1l,. 

When the firſt term is Radiers, or the Sine 90. 


Lay the thread to the ſecond term coun- 
ted onthe degrees upon the moveable piece | 
fromthe head roward the end, then num-- 
bring 
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Lib.I. ' aw 4 Sefbor, 27 
bring the third on the line of ' (ines, take 
the nearett diſtance from thence to the 
thread , and that applyed to the Scale from 
the beginning pives the fourth term. Ex. gr, 

As the Radius 90 is to the line 20, fois 
the fine 3o tothe line 10, AA 


Casr 2. 
when the Radius us the third term. 


Take the (ine of the ſecond term in yaur 
Compaſſes, and enterit inthe firſt termup- 
on the line of lines, and laying the thread ro 
the neareſt diſtance, on the limb the thread 
gives the fourth terw, Ex. Br. 

As the (ine 30 istothe line 20, ſois the 
Radius to the tine 43. 30. min, 


| Gatsn'3; 
When the Radius ts the ſecond ber. 


Provided the third term be nor greater 
than the firſt, tranſpoſe the terms. The me- 
rhod of tranſpotion in this caſe is , as che 
firft term is rothe third , ſo is the ſecond ro 
thefourth , and then- the work will be the 
ſame as in che ſecond caſe. Ex. gr. 

Astlie line 3oisto the radius or fine 90, 
« ſois the (ine 20 to what ſine; which eranſpo* 
_ fedis As 
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As the ſine 30-is to the (ine; 20, ſo is the” 
radius to a fourth ſine , which will be found: 
43430 min. as before. 


TIO FORTY | 
When the Radius ts none of the three terms given. 


In this caſe when both the middle terms | 
are leſs than the firſt , enter lie line of che 
ſecond term in the firſt , and laying the 
thread tothe neareſt diſtance, take the near- 
eſt extent from the third to the thread : this 
diſtance applyed tothe ſcale from che begin- 
ning givesthe fourth. Ex. gr. 

As the fine 20to the ſine 10, ſo is the (ine 
30tothe line 15, | 

When only, the ſecond term is greater 
thanthe firſt, tranſpoſe the terms and work 
as before. | bes 1] 

But when both the middle rearms be.great- 
er than the firſt , this proportion will not be 
performed by this line wichour a paralel'en- 
trance or double radius ; which inconvent- 
ency- ſhall be remedied ir irs proper place, 
when we ſhew how to work proportions by 
the lines of nacural lines on the proportional 
or ſector [ide. | 
Theſe four caſes comprizing the merhod | 
' of workin: all proportions by natural fines 
alone 
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for the - © 


ſome examples 


alone, I ſhalk-propoſe ſom 
exerciſe of young practitiqners , and there- 
with conclude this Chapter. 
PROBL. 4- T 


_ 


To finde the Suns amplitude in any Latitude. 


As the coſine of the Latitude 1s, tQ the 
1 fineof the Suns declination, ſo isthe radius 
tothe fine of amplitude. 


PROB t. 5. 


To finde the hour in any Latitude in Northern 
| \ ', Decitnation. . | G 


Proport. 1. As the radius. to .the Gne..of 
the Suns declination, ſo is the {ine of rhe 
latitude to che ſine of the Suns altitude at'(ix, 
| By Probl: 2:ſubſtradtthis alticude at fixfrom 
the preſent altitude, and take the difference. 
Then 
.. Proport«. 2. As the. coſine of the latitude 
1s to. that difference , ſo is. the radius to a 
fourth ſine, Apain a weby. 373 

Proport. $. As tbecoſi:e of the declina- 
tion to that foufth line, fo is the radius to the 
line of the hour'from lix, | 

\ Es PROBL. 
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PROBL., 6. 


To finde the hour in any Latitude when the Sun 1s 
in the Equinottial, 


"As the coſirie of the latitude is to the fine 
of altitude, ſo is the radius to the line of the 


hour from (ix, 


To finde the howr in any latitude in Southern De- 
Nan 0n Clination. ST 


Proport. 1. As the radius tothe (ine of the 
Suns declination , ſo is the (ine of the lati- 
tude to the fine of the Snns depreſſion at (x ; 
adde rhe fine of depreſſion tothe preſent al- 
eicude by Probl, x. Then © 

Proport. 2. As the coſineof the latitude 
is torharſamme , fo is che radivs tro a fourth 
ſine. Again, > _ : 

' Prepurt,' 3. Asthe coline of declination 
isr0 the fourth! ſine ; fo is the radius to the 
ſine of the hour from (ix, 7 0M 
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So 


PROSB £.; $. 


To- finde the Suns Azimnth in 4ny lxtitude in 
| Nurthern Declination. 


Properd. 1, As thelſine of the latitude ro 
the line of declination, ſo is the radius to rhe 
ſine of altitude at Eaſt, or Weſt. By Probl. 2. 
ſubſtra& rhis from che preſent altiznde,rhens 

Proport, 2. As the coſine of the laticude is 
to thatrelidue, fo. is the radius to 'a fourth 
ſine. Again, ic 

Proport. 3. As the coline of the altitude 
js ro that fourth'ſine , ſo is the radius'ro the 
line of the Azimuth from Eaſt or Weſt, _. 


PROBL. 9. 


To finde the Azimmuth for any latitude when the 
Sun #s in the Equator. 


Propert. rt, As the coiine of the latirude 
ro the line of alticnde, ſo is the fine of the 
latitnde to a fourth line. | 


\ Propert. 2, As the coline of altitade to 


that fourth ſine, ſo is the radius to the fine of 
che Azimuth from Eaſt, or Weſt. 
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To fade the Azimath for any latigude-in Sguth- 
» .07 p Declinaii ion. * 


% 


. Proport.' 1. As the coſine: af the laticude 
to the (ine of alcicude ,. ſo. is the (ine .of the . 
lactitudeto.a fourth... Having by Probl, 4. 
found the. Suns amplicude, adde jt to. this 
fourch ſine by Probl. 1.-and ſay 

Asthe coline of the alritude is ro the ſum, 
ſo-is the radius to the ſine of the Azimuth 


bk; from Eaſt or Welt. , The terms mentioned 


in the 5c; 7th. 8c. 10th. Problems are ap- 
propriatef/ unto. us «char liye on the, North 
ſidethe Equator. 1n caſe they be applyed to 
ſuch laticudes azlie onthe Sourh (ide the E- 
quator, Then what is now called Northern 
declination, name Sourthern,and whar is here 
ſtyled Southern, declination , rerm North- | 
ern, and all che 1p with the opera- 
tionisthe-ſame. .. 

.. Theſe. proportions. to. fadeche hour and 


Azimuch, may be all readily wrought by/the:- 


lines of. wybc/al lines, only che addition.and: 


ſubitraQion,maſt alwayes be ok Apode- 
the line of natural lines, :; 


Cm P, 


a % % 
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Same er of the y Pragob the teertion fi 
Inſtrument, viz. the Lines ef hatur a] 

Si os Ong Secants. 431443 7 


"$3 £ |  PRoB Lt. F- 3 uI31t | 


To lay. down any Sine, Tangent , or Seruint th 
Radine given. See Fig. 1. " 


F you be'to lay down a Sine enter the 
;: Radius given in 90,and 90 u : the lines 
of, bines, keeping the Sector at age, ſer 
.. one point of your Compaſſes in the ne re- 
- quired upon one line, and extendthe ocher 
. point roche ſame Sine upon the other Line : 
This diſtance is the Jengeh'of the Sine requi- 
red to the given Radius, Ex. gr.\Suppoſe 
A. B. the Radius given, and I require the 
Sine 49. proportional ro that 'Radiys. Enter 
A. B. in 90y and go. keeping the SeQor ac 
that gage, I cake the diſtance 'twix:40 0none 
. ſidezto 40 0n che other , char 'is;.C, D. the 
'Sine required, 
The work is the fame, ro lay downs Tai 
| gentto 07 Radius 5 _ yau a 
re 


\ 


[ * 


j - 34 
þ F 
4* 
,- 


gent required belefs than 145/ you muſt en-- * 
rerthe Radius in 45. and 45 nextthe end of.” 


the Rule; But when:the. Tangent required 
exceeds 45- enter. the Radius given'in45,and 
45 *ewixtthe center and end; and keeping the 
Sefor at that Gage,take our the Tangent re- 
quired, This is ſo plain ,; there needs no ex- 
ample. 


Tolay down a Secatitto any Radius given, * 


is no more than.to enter the Radius in the two 
Pins at the beginning of the line of Secants, 
and keeping the Sector ac that Gage toke 4 
diſtance fromthe number. of the Secant rg- 


quired on one lide', 10 the fame numbe#0n 
the other fide , and that.is the Secane ſoughr 


atthe Radius pivenc:; , ©. \ 04 pK: ; 
The ufe of this Problem will be ſuſhcient- 


ly ſeen indelineating Dyals, and projetting 


the Sphere; 


PROB L..2, 


To lay down any Angle, required by the Lines of 


Sihts, T angtnts, and Stcants, See Fig.12. 


There are ewo wayes of protracting anAnple 
bythe Line of Sines,Firit if you uſe the Sines 
[Fe e K in 


z 


2 4 4 No. S- by 
84+ 13 BoA Dy £* "7 / 
* SHE'S. 


- 


| th , , ah yo Ls 25 _ 'W NY Lak dl ele She, y ara: # Y 
'terthe given Radius-in 45, and 4 onthe. i 
line of Tangents. . Oaly © erye 1 the 1an- 


* Like! Wn'4 Soffor; 94 » | 
"i wo ' | "ey $4 . 

- | «in manner of Chords. Then ning Goth the . 14 
line A B at any diſtance of your Compaſs, ſer 


ane paing in B, and ow a mark to interſe 
the Line B A, asE F. Enter this diſtance B 
\Fjn 304 8nd .30 upon the Lines of Sines, and 
keeping the. Setor. at that Gage, take out 
the Sine. of half che Angle required , and 
ſetting ane point where. F interſefts B A, 
eura the ather toward E, and makethe mark 
| Þ Eitharuler draw B Eand the Angle EBF 
j is tlie Angle required, which here 1s 40. d. 
A ſecond method by the lines of Sines is 
thus, Enter B A Radius in the Lines of Sines, 
aad keeping the Sefor at thar Gage, take our 
the Sine of your Angle required with that 
diſtance, ſetting one poing of your _— 
ſes in A, ſweepthe ark D, a line drawn from 
B by the connexity of the Ark D, makes the 
Angle ABC 40d .as before. | 
To protra®t an Angle by the Lines of Tans 
gents is ealily done, draw B A the Radius 
upon A, ergR a perpendicular, A C, enter 
BA in 45, and 45 onthe Lines of Tangents, 
and taking out the Tangent required (as bere 
4.40) ſetit from Aro C. Laſtly, draw B C,and 
4 the Angle CBA is40d. as before, wt: 
S In caſe you would protrat an le by 
4 the Lines of Secants. Draw B A, and upon 
1 Aeretthe LAG” <4 AC, enter A B 8 
; 2 ene 


er 


—_ 


." 36 The Semivircle _ Lib.I. 
the beginning of che'Lines of Secants, and 
rake ourthe Secant of 'the Angle, with -chat 
diftance, ferring one point of your Compalſ- 
ſes in B, with the other croſs the perpendi- 
cular AC, as in'C. This done, lay a Ruler to 
B,” and the point of interſetion, and draw 
the Line BC. Sohave you againrhe Angle 
CBA: 40. d. by another projeRtion, Theſe 
varieties are.here inſerted only to ſatishE a 
friend; and recreate the young praQitiqner 
intrying thetruth of his projection. | 


PROBL. 3. 


To-work proportions iu Sines alone , by the Lines 
of *natwral Sints on the proportional fide of the 


Inſtrument. | 
\ 


The general rule is this. Account the firſt 
terin upon the Lines of Sines from the Cen- 
ter, and enter-the ſecond term in the farſt ſo 
* accounted, . keeping the SeRor at that Gage, 
account the third term on both lines from the 

| Center ,**and, raking the diſtance from the 
third termon one line co the third term on 

the other line , meaſure irupon the line of 

| Sines from the beginning , and you have the 


b 


fourth term. Ex. gr. 


"Lib. 4 ona pr | 37 


As the Radius isto the Sine 30, ſoisthe 
Sine n40 to the Sine 18. 

here .is, but one exception i inthis Rule, 

that is when'che ſecond- term is greater 


5 © eſt yer che, chird; lefſer chan the 


firſt, .and inthis caſe cranſpoſe che terms, þy 
Chap 3- Probl. 3, Caſe 3. 

But when the ſecond term is not ewice 
the. length of. che firit, it may be wroughr by 
the general Rule without any cranſpolition of 
rerms. Ex, gr. 

As the Sine 30 isto.the Sine 5o, fo is the 
Sine 20 to che Sine 3. 30. min, 

And by coriſequent » When” the third term 


is greater chan the firlt,, provided it he Hor 


upon the line, gy engeh rheredf, ic 


ber: be wrow cranſpoling the terms, 
moy was twice the length of 
by: firſt. FE [. 


As the Sins 20 is to the. Sine 6o . boi is che 
Sine 42, to what Sine ? which cranſpoſed.is, 

Asthe Sine 20 is rohie Sine 42, fo is the 
Sine £0 19 he Sine 35. 39., - 

. This caſe will- remove the i inconveniency 
men Kionde Chap. 3. Probl.. 3, Caſe 4: of a 
"double Radius. I intended hereto have ad- 
Joyned che merhod- of working proportions 
; by natural Tangents alone ,- and by natural 
gb, and Tangents, conjundtly : 2 But coali- 

Di: gering 


i 


z8 The'Senbicivele | _ 
deting the multiplicity of proportions when 
the Tangents exceed 45. 1 Fappoſe it too 
exoubleſome for beginners , and a needleſs 
variety fot thoſe thatare already Mathema- 

ians. Sirh, both may be eaſed by the ar- 
tificial Sines and Tangetts on rhe onward 
ledge, where I intend to treat of thofe Cafes 
attirge, and ſhall in this place ofſy annex 
ſome proportions in Sines alone, for the ex- 
erciſe of young beginners. dats 


A | 
[4 
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By the Lins of Natural Sites tv lay dit any 
* Pingent, or Secant required tha Radins piten. 


.'\ Th ſome Caſts; ially for OY alngs 
your Inftrament may be defeftive of a Tan- 
gent, or Secant for your purpoſe,” Ex. pr. 
whenthe Tanger exceeds 76 of che Secant 
is more than 60.” Tntbefe extremities uſe che 
following Remedres. Firſt, for a;Tangene. 

As the coſine of rhe Ark is to the Radius 
piven; ſoisthe fine of the Ark'to'the 'Iengeh 


wks Finpour tyres, "Bebe 
_ Asthetolinevf the Ark is to the Radivs 
-given, {d is the'Sine9o to the lengrh of the 


PROBL. 
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PROBL. 5. lit 


The Jifance from the next E quineftial Point gi- 
ven to finde the Suns declination. 


As the Radius\ td, the. ſine of. the: Suns 

| _—_—_ declination, fo is the line of his di- 

ance from the next EquinoRial Point tothe 
ſine of his preſent declination. 


a. SU L496.) vo nw 


The declination ofven to o fonde the Suns con 
ar (1 wy Vifance- '- Jae ) 


FY C 


914: W319 


A AL of abe; eond Lenlination ; is 

 totheline of theypr £ declination, ſo is 
bY Radius.c9 the lins of. his RENEE Di- 
once, OY HM £ 


. 


; 319 ; 
Prom 7 


The Fs eAlinle, Declination vt 9o Difaue if 
the Sun fron the Meridian given to your _ 
AMudennthe 


Asthe coline of: <4 chiadects wk coſine 


| of the hour from 'the Meridian. «; ſo. is | 
D 4 y- 


\ 


| ',o | The Stine, — Lib 
| the coſine of declination to the ſine of che 
Azimurb, : T -o-C2-433 ' 4 / 
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Towdivide a Lin® given int#'any Number of equal 
OL» parts. See Fig. 3. go We 
HORA UAC: SOME ST GT as LID AN 
QUepoſc AB a Linde given to be divided 
kJ inco nine equal parts. Enter A Bin 9, 
-and-9 onithe lines of ities, keeping the'Se- 
or arthar'gape;, take-the-diſtance 'from'$, 
on one (ide; 40 $' 0n'the:ocher , and :apply-ic 
from A upon the line A B, which reacheth 
toC; then is CB a ninth part of the line 
_ AB. Bythistheans:you may divide any line 
(that is not more than che Inſtrument in 
"Jengeh)inroas many parts as youpleaſe, viz, 
 * 10y/20,'36, 40, 504100, 560, &o:' partsac- | 
”® cording to your reckoning the divitions-up- 
Pnrhe lines, Ex, gr. The line is atually divi- | 
'dedims"209 parts, viz." firſt inco 10,7 mar- 
*ked/ with Figures, and each of chaſe: inco 
Hor | þ Ur twenty / 


7 y 6 


Libel. ' 01 4 Sitter. - -  . 
_ twenty parts more, Again, if the line re- 
preſents a 1000, then every figured diviſion 
is 100, the ſecond'or ſhorter diviſion is 10, 
and the third or ſhorteſt diviſion is 5." In 
caſe ithe twhole line was -2000, theft every 
figured diviſion is 200, every finaller or ſe- 
 igond dividioniis: 20, every" third or finalleft 
diviſion is 10, tc. Suppoſe Thave any {line 
given, which is the baſe'of aTriangle,whoſe 
-coment is 2000 poles, and I'demand fo much 
of che Baſe as may anſwer 1750' poles. En+ 
ter the whole ling in $0! and''ro' at the'end 
of the lines of lines, and keep the Setor at 
/ that gage. Now hie wholeEline'repreſenting 
2000 poles, every figured diviſion is 200 ; 
therefore 1 _=_ is eighe and an half of the 
figured divilions, and 50 is five of the ſmalleſt 
-diviſions more (for imthis caſeevery ſmalleſt 
divifiet"1$ to, us was. before expreſſed ) 
wherefore ſerting one point of the Compaſ- 
Fes'in'r5"6f che- ſmalleſt" diviſions beyond 8 
'on'the Ruſte.” I extenderhe other point co the 
Fatnediviſioi'uponthe line on the other (ide, 
'and that diſtance is 1750 poles inthe baſe of 
'the Triangle/propoſed. How ready this is to 
'ferout a jiſt quantity 'in any plat of ground, 
21"ſhall-ſhew-18"a'Sclieam, Chap. 1s. 
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"Enter: the ſecond term in- :ithe firſt , and 
keeping the Setor.atthar gage,- take the .di- 
ſtance. /twixt, the thied on -obe line, to-che 
rhird on the other line , that diftange-iothe * 
fourth-in lines y 10r-meaſured -upqn"che line 
from rhe contri: _ the Fagroh. 40 num- 
heres uri 9d bet inn t to ann ity 
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In theſe proportions, there, ue to 
three tetms given to finde-a fourth, and of 
the three given cerms ewaare of one deno- 
mination (whbich- for, diſtinftion ſake T icall - 
che donble:denomination- ;.) and the 'third 
rerm. is of 4,cdifferent ,denowmination from 
thoſe two, ; ke capa therefore callche ſingle - 
denomination , of which the fourth rerm 
fought muſt alſo be. Now to bring theſe 

into 


F 


- Lib. m4 Seftor, 43 
- Into a dire@ proportion, the rule is this. 
- When the fourth rerni ſouphr is to be greater 
than, the ſingle denomination ( which you 
may know by ſiphe of fie terins given) fay, 
As the lefſer double denomination is to 
the greater double denomination, fo is the 
ſingle denomination to the fourth term 
ſought. The work is by Probl. 2. 

if 69 men doa work in'5 dayes, how lvng 
will zortienbe abour it? HIRE 

As 30!isto 60, ſois's tro 16, The twithbet 
of dayes for 3o men inthe work. © 

Again, whenthe fourth term is to be leſs 
thanthe ſingle denomination, ſay, 

Asthe greater double denomination is to 
the lefſer doable denomination , ' 6 is the 
ſingle denomination co the fourth term 
' ſought. 

1t 30 men do a work in 5 dayes, how fong 
ſhall 60 be doing of it? | 

As 60 isto 30, ſois 5 ro 23. The time for 
60 men ih the work. 1 
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The length of any <5 puck with the length 
. of the ſhadow the cof given, to finde the Syuns 


r, fo 


At the length of the ſhadow; ppon the 

- lines of lines, is tothe. Tangent by is the 
length of the perpendicular numbred upon 
the lines of-lines,: tothe tangent of the Suns 

alcicade, A WE Hs 

| Tofinde thi Altitude of , any Twee, Stcepley 8c. 

F) al ope-ſtation. ; 6-'y aj: 


_ . At. any diſtance from che object (provi- 
ded che ground be level) with your Inſtra- 
ment, look co the top of che object along the 
outward ledge of ,the fixed piece , and cake 
the angle of its altitude. This done, meaſure 
by feer or yards, the diſtance from your 
"a to the bottom of the obje@, Then 
» | 
I the coſine of the altitude is to the. 
meaſured diſtance numbred upon the lines of 
lings, Jo is the (ine of the alcicude co a fourth 
nom- 
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of feet or yards inthe 'altitnde. © - © 
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Cura vp, VI. 
How to work, proportions in Numbers, S1yts,' or 


ZE | T angents, by the, Artificial Lines thereof on 
 theontward ledge. - 


lf Fo general rule for all of theſe, | is to 
; extend the Compaſſes from che firſt 
term to the ſecond (and obſerving whether 
that extent was upward or downward) with 
the ſame diſtance, fet one point in the third 
term, and curning che other point che ſame 
- | way, asat firſt, it gives the fourch. Bur in 

| Tangents when any of the terms exceeds 45, 
| there m 
place I ſhall remove. 


PE9Fts. > 
| Numeration by the Line of Numbers. 


"The whole line is aRually divided in- 
(oe) 


45. 
; number of feet or yards (according to the' _ 
meaſure -you meeted-the diſtance} to this 
foitth , adde the beighreof your eyefrom 
che ground, and thar ſum gives tle number-. 
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ay beexcurlions , which in their due * - 
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rp. 109 proportional. parts , and gccordingly 
diſtinguiſhed by figures, 1, 3, 3343 51 6:9 
_ 8,9, and then, 19,-20, .30, 40, 59 69, 70s. 
$0,909,100, So that fox any number pader. 
x00, the Figures readily dire& you , Ex. gr 
To finde 79 on the. line of numbers, count 
9 of the fmall diviſions beyond 70, and there 
is the point for that nymber. Now asthe 
whole line is a&tually divided into 100 parts, 
ſg is eyery one of choſe parts ſubdivided (fo 
far as canveniency will permie) aftually into 
ten parts more, by which means you have the 
whole line actually divided into 1000 parts. 
For reckoning the Figures impreſſed, x, 2, 3, | 
4 $» 6,7, 8, 9, £0 be 10, 20, 30, 40, 50, Go, 
70, $9, 90, andtheother figures whichare 
ſtamped 10, 26, 30, 40, 50, 60, 70, $9, 90, 
x00, to be 100, 200, 300, 409, 500, 600, 
7200, 860, 900, Ig00. You may enter, any 

' number under i060 upon the line, accord- 
ing to the former dire&ions, And any num- 
bers whoſe produc ſurmount not 1009, may 
be wronght upon this line ; bur where the 
produtt exceeds. 1000, this line will do no+ 

| _ accurately : Wheretore I ſhall wil- 
lingly omit many -Problems mentioned by 
ſome Writersto be wrought by this line, as 
ſ{quaring, and cubing of numbers, &c. Sith 
they have only nicety, and nothing of exat- 
neſs in them, PRoBL. 
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'PROPLI. 2: ; 
| [ 7 *254 


To mnltiply two numbers , given by the Lint of 
Numbers. The proportiqn # this, 

As 1 onthe line is$o the mulriplicator, fo 
is the muſtiplicand tothe produ@;* Ex, pr. 

AsT isto 4, ſo is 7, to what ?_ 

Extend the Compaſſes from the firſt rerm, 
viz, 1 untothe ſecond term, viz. 4. withthar 
diſtance, ſetting one point in7 thehird cerm, 
curn the other point of the Compaſſestoward 
the ſame end of che rule; as at firſt, and you 
have the fourth, vis: 28; "There is only one 
_ difficulty remaining in this Problem,and thar 
isto determin the number of places, or ft- 
| nj; eqns produdt, which may be reſolved 

y chis general rule. The produ alwayes 
contains as many figures 'as art in the muſri- 
plicand, and malriplicator both , unlefs che 
ewo firſt figures of the product be | mer 
than the ewo firſt figures 1m the multiplicator, 
and. thea the produ& muſt have one figure 
leſsthan are in che multiplicator , ang mulei- 
plicand both. Ex. gr./47 multiplied by 25, is 
2175, conſiſting of four figures ; bur 16 mul- 
tiplied by 16, is 240, confifting of no more 
clan chree places, for the reaſon before men- 
as cloned. 
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$I + mulciplicator the leſſer of cherwo nnmbers, 
alchough ir may beeither of chem at Lines 
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| To A” Diuiſ on by the Line of | ju 


Asthe diviſor is to 1 , fois chedividendrc to 
che quotient. .. 


tient is 49. For, | 
As 20 is to.1, ſ0.15 800 $0 40. 


ih che-quotient, rake this rule .. Nore che difs. 
ference of the numbers of places or figures in 
the dividend and diviſor. Then-in caſe-the 
uancity -of the. two. firſt figures co the left. 
Rand in your diviſor be leſs chan the quantity, 
of the ewo firſt figurestothe left hand in-your 
dividend, the quotient al bave one figure 
more chan che number of difference ; Bur 

; where the quantity of cbe two firſt figures of 
the diviſor 1s greater than the quantity of the 
ewo-firſt figures of the dividend, the quotiene 


by-tbe difference, Ex. gr. 245 divided by 


bur 


o 
v 


Torknow bow many -Agures, PS hang: | 


15. will have two figures in che quotgent 3. | 
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Suppoſe 80 tobe divided by: 20, _” quo- x 


- 
- 


will baye only that number of figures nored 
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To finde a meanproportional 'twixt two Numbers 
 ., given by the line of Numbers. 


Divide the ſpace betwixt. them upon the 
line of numbers into wwo'equal parts, and che 
middle point is the mean proportional. Ex. 

gr. betwixt 4 and 16, the mean proportional 
| 1$8, If you werertofinde'two mean propor- 
rionals,divide the ſpace 'ewixt the given num- 
bers into three parts. If four mean propor- 
' tionals divideit into five parts, and che ſeve- 
ral points 'rwixt the twa giyennumbers, will 
ſhow the reſpeive mean proportionals. 


PRoB%q 5. 


To work, proportions in Siney alone , by the Arti- 
= %, NT ficial Line of Sizes. 


Extendthe Compaſſes from the firſt tern 
to the ſecond, wirh that diſtanceſet one poinc 
in the third term,, and che other point 
gives thefourth. ” Only obſerve thar if the 
ſecond term be leſs thanth - firſt, che wy 
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wicirole | 
*<,or if the ſecond 
rerm exceed ti. --< fourth. will be 
preater thanthe third. This may'dire& you in 
all proportions of {ines and rangents ſingly or 
conjun&ly , to which end of the rule to turn 
the point of your Compaſſes, for finding the 
fourth term, Ex. gr. .. + EY 

As the ſine 60 is to the line 40, ſo is the 
ſine 20 to theſine 14. 49. Again,, : 

Asthe (ine 10 is to the {ine ao,ſo is the line 
YEE SO... ifs att,* 4, 


PROBL. 6. 


To work, proportions in T angents alone. by the Ar- 
 , tificial Line of Tangents.,, | 


For this prpoſe the artificial line. of tan» 


gents muſt be 1magined twice the length of 
the rules, and therejoge far the greater con- 


veniency, it is doubly numbred, viz. Firſt 
from 1 to 45, which is, the radius, or equal 
tothe line'g90: In which account every di- 
vilion bath (as to its length on the rule) a 
proportions! decreaſe. . Secondly, its..nmum- 
red back again from 45'to 89, in which ac+ 
count eyery diviſion hach (ag ro.its length on 
che line) a proportional, encreaſe. Sp thar 
the rahgent 60 you muſt imagine the-whole 
on ns ND length 


© aw a. as. 
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on 4 Seffor.. - = 1 
length of the Rule ; and fo much+-more as 
the diſtance from 45 unto 30 or 60 is.'; This 
well obſerved, all proportions in- tangents 
are wrought after the ſamemanneroft extends 
ing the Compaſſes from the firſt term co the 
ſecond, and that diſtance ſet inche third, gives 
the fourth , as was for (ines and numbers. 
Bur. for the remedying of excurfions, ſich 
the lines no'more than half the lenge, we 
muſt imagine it. - I ſhall lay down theſe 
Caſes. iy 2 Sh 


Casn-t. 


When the fourth term is a tangent excteding 45 
or the Radic. Ex. gr. 9 


| Asthetangent 10 is, tothe tangent 30, ſo 
isthe tangent 20, co what? . | -- 
Extending the Compaſles from 16 on the 
line of .rangents to 30, with that diſtance I 
ſet one point in 20, and findethe other pointe 
reach beyond 45, which tells me the fourth 
term exceeds 45;, orthe radius ; wherefore 
with the former extent, I ſer one pointin 
45 ; and turning the other toward the be- 
ginning of the line, I mark where it touch- 
etch, and from thence raking the diſtance to 


{ thechird term, I have the exceſs of the fourch 
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$2 The Semicirtle = Lib.7. 
_ term-above 45 in my compaſs: wherefore 
with this fait diſtance feccing one point i'4 5, 
I curn.che other upon the line, and it reach- 
ethro-:50;'the tangent ſought. 


CASE 2. 


When the firſt term is a m_ exceeding 45, 0r 


the Rading,” Ex. gr 


As the tangent 5o is to the tangent 20, ſo 
is the tangent 30, to what ? | ; 
Becauſe the ſecond? rerm is leſs than the 
firſt, I know the fourth muſtbe leſs than the | 
third, All rhe difficulty isro get the true ex- 
tent from the tangent 50 to 20. To do this, 
take the diſtance from 45 to 50, and ſetting | 
one point jn 20, the ſecond term , turn the 
other coward the beginning of the line,mark- 
ing where ittoucherh, extend the Compaſſes | 
fromche point where ir roucheth to 4F, and 
you will have the ſame diſtarice in your Com- | 
paſſes as from 50 to 20, if the line had been | 
continued at length unto 89 tangents, with 
this diſtance, fer one poinc in 30 the third 
rerm, and turn the other roward the” bepin- 
ning (becauſe you know the fourth muſt be 
leſs) and it gives'to the tangent ſought, 
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When the third term.is a T angent exceeding 45, 
| | or the Radine. 


As the tangent 4o'is tothe tangent 12, 40 
min. ſo is the tangent. 65 to what 2: 

Extend the Compaſſes from 40 to 124. 

40 min, with this diſtance , ſetting one poine 
1n-6s, turn the other roward 45, and. you 
will inde it reach beyond it, which aſſures 
you- the fourch term will be leſs than 45. 
Therefore lay che exrent from 45 toward 
the beginning, and mark where it toucheth, 
take the diſtance from that point to 65, and 
laying that diſtance from 45 toward the be- 
ginning it gives 30, therangent ſought. 
Theſe Caſes are ſufficient to remove all 
difficulties. For - when the ſecond term ex- 
ceeds the Radins, you may tranſpoſe them, 
ſaying, as the firſt term is co the third , ſo is 
the ſecond to the fourth,and chen irs wroughe 
by the chird Caſe, Vw: 

I ſuppoſe ir needleſs to adde.any thing 
about working proportions by {ines and tan- 
gents conjundtly, ſith, enough bach been al- 
ready ſaid of both of them apare, in cheſe 
two laſt Problems ; and the work is the ſame 
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when they are intermixed. Only ſome pro- 
portions I ſhall adjoyn, and leave to the pra- 


Rice of the young beginner , with the di- 
reions inthe former Caſes. 


PROBL. 7: 


To finde the Stens aſcenſuonal difference in any 
Latitude. 


As the co-tangent of the latitude isto the 
tangent of the Suns declination, ſo is the ra- 
dius to the ſine of the afcenſional difference. 


f Pros. 8. 
To finde at what hour the Sun will be Eaſt, or 
- Weſt in any Latitude. | 


| As the tangent of the latitude is fo the 
rangenr of che Suns declination , ſo is rhe ra- 
dius ro rhe coſine of the hour from noon. - 


| PROBL. 9. , ; 

The Latitude, Declination of the Sun , apd his 

Azimuth from South, given to finde the Shng 
Altitude at that Azimmth. / 

As the radius to the coſine of rhe Azimuth 

from South , fo is the co-rangent of the wo i- 

EY rude 


nk 4, 


Lib.I , "a7 Siftor. Eb 
tide, to the __— of the Suns alticude in 


the equator at the Azimuth given. Again, 

As the {ine of che latitnde is to the ſine of 
the Suns declination , ſo* is the coline of the 
Suns altitude in the equaror ((arthe fame Azi- 
muth from Eaſt or. Weft) to a fourth ark. 

\ Whenthe Azimuch is under go, and the 
latitude and declination is under the ſame 
pole, adde this fourth'ark to the alticude in 
che equator. In Azimuths exceeding go, 
when the Iatirade and declinarion is under 
the ſame pole, take the equator alcitude our 
of the fourth ark, Laſtly, whenche laticude 
and declination reſpect different poles, take 
chefourth ark out of the equator alricude, 
and you have the altirude ſonghe. 


The Azimuth Altitude, and Declination of the 
| Sun, given to finde the howr. 


As the coſine of declination is to the fine 
of the Suns Azimuth, ſo'is the coſine of che 
alcitude ro the fine of thehour from the Me- 
ridian. : 

Proportions may be varied eighr ſeveral 
wayes in this manner following. 

1. Asthe firſt term'isro the ſecond , fois 


*thethird ro the fourth. * 
E 4 2, As 
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2. As the ſecondtermisto the firſt , fois. 
the fourth co the third. 

2. Asthethird term isto the fir, ſois the 
fourth to the ſecond. 

4, As the fourth termis tothe ſecond, fo 
is thethird to the firſt. 

5. As theſecond term is to the fourth , lo 
is the firſt co the third. abt 

6. Asthe firſtrermis tothe third,ſo is the 
ſecond tothe fourth. | 

_ 7, Asthethirdterm is to the fourth , ſo is 
the firſt tothe ſecond. 

8. As the fourth term is to the third, ſo is 
the ſecond to the firſt. 

By theſeany one may vary the former pro- 
portions, and make the Problems three cimes 
the number here inſerted. Ex. gr. To finde 
the aſcenſjonal difference in, Problem 10, of 

this Chapter, which runs thus. 

Asthe co-rangent of the latitude is tothe 
tangent of the Suns declination, ſo is the 
radiusto the {ine of afcenſional difference, 
Then by the third variety you may make an- 
other Problem, viz. 

Asthe radius is rothe co-tangent of the 
laticude, ſo is the line of the Suns aſcenlional 
difference to the line of his declination, A- 
gain, by the fourth variety you may make © 
third —_ thus, - 

As 


Lib.Is 


on. 4 Sefdoy.. $7. 
As the ſine of the Suns aſcenſionaldiffe- 
rence is tothe tangent $196 Suns declinati-. 
on., ſo is che radius tothe co-rangent of the 
latitude. . | 
By this Artifice many. have ſtuffed their 
Books with bundles of Problems. 
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Cray. VII. 

Some uſes of the Lines of Circumference, Dia- 
meter, Square Equal, and Square Inſcribed.' - 
A theſe are lines of equal parts, bear- 
inp ſuch proportion to each other , as 
the things (ignified by their names, Their 
uſe is this; Any one of them given in inches 
or teet, &c. to finde how much any af the 
other chree are in rhe ſame-meaſure., Suppoſe 
I have the circumference of a Circle, Tree, 
or Cylinder givenin inches, I rake the ſame 
number of parts (as the Circle is inches) 
from the line of circumference , and apply- 
ing that diſtance to the reſpeive lines, I 
have immediately the ſquare equal, ſquare in- 
ſcribed, and diameter,ia inches, and rhe. like, 
if any of thoſe were given to finde rhe cir- 

cumference. This needs no example. 


- The conveniency of this line any. one may 
T. experi- 
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experiment'in ſtanding timber ; for taking 
the giren, or circumference with a line, finde 
_ the diameter ; from' thar diameter abate 
ewice the chickneſs of the bark, and you- 
have the true diameter, when itsbarked, and 
by Chap. 9: Probl, 5. you will gueſs very 
- near at the quantity of cimber in any ſtanding 
Tree. 
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To meaſure any kinde of Superficies, as Board, © 
Glaſs, Pavement, Wainſcot, Hangings, Wal- 
ling, Slating, or Tyling , by the line ff Num- 
- | bers onthe outward ledge. g” 


Þ Me of accounting any number up- -- 
F on, or working proportions by, the line - 
of numbers , is ſufficiently ſhewn already, 
Chap. 6; which I ſhall nor hererepear, only 
propoſe the proportions for theſe Problems, 
and refer you to thoſe-diretions. 


| RSS LS F. | . 
The breadth of 4 Board given in inches, to finde 
\ bow many inches in length make a fot at that 
breadth, ſay, oY 


As the. breadth in' inches is to 12, fo 
49 | is 


Lib.1. | na Sefter, 1 = 
is 12 to the Jengch in inches for a foot 
at that breadth. Ex. gr, At 8 inches breadth 
you muſt have 18 inches in leogeh for a foot. 


""PROGL, &e. 


The breadth and length of a Board given to finds 
the. content. | 


 As12 is tothe length in feer and inches, ſo 
isthe breadth in inches to the content in feer. 
Ex. gr. at 15 inches breadth, and 20 foor 
| length, you have 25 foot of Board. 
PROBL. 3. 

A ſpeedy way tomeaſure any quantity of Board. 


The two former Problems are ſufficient to 
meaſure ſmall parcels of Board, When you 
have occaſion to-meaſure greater quantities, 
* as 100 foot, or more, lay all the boards of 
one length together, and when the lengthof 
the boards exceeds 12 foot, uſe this propor- 
lon. 
As the length in feet and inches is to 124 ſo 
i5 100 to the breadch in inches for an 100 
foor. Ex. gr. At 3o foot in length 4o inches 
in breadth , make an 100 foot of board 
(reckoning five ſcore to the hundred.) This 
” found . 
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The Semicirele Lib.1, 
found with a rule or line, meaſur2 4o inches 
at both ends in breadth, and yon have 100 
foot, When one end is broader than another, 
you may take the breadth of the over-plus of 
100 foot at both ends, and taking half thar 
ſam for che true breadth of the over-plus by 
Probl. 2. finde the content thereof, 

When your boards are under 12 foot in 

length, ſay, | 
© -As the length in feet and inches is to 1 2, 
ſo is 50. unto the breadth in inches for 50 
foot of board, and then you need only double 
thar breadth ro meaſure 100 foot as before. 
In like manner you may meaſure two, three, 
four, five, a hundred, &s. foot of board 
ſpeedily, as your occaſion requires. 


PROBRL. 4 


To meaſure Wainſcot, Hangings, Plaiſter, &c. 


Theſe are uſually computed by the yard, 
and chen the proportion is. 

As nine cothe length in feet, and inches, 
{ois che breadth or depth in feet and inches 
ro the content in yards, Ex, gr. Ac 18 foot 
inlength, and cwo foot in breadrh, you have 
four yards. | | 


PRoBL; 
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PROBL: 5. 


To mea! ure Maſons, or $ laters Work,as ”w, allingy 
Tyling, &C. | | 


The common account of theſe is by the 
rood, which is eighteen foot ſquare, thatis 
324 {qare foot in one rood, and then the 
proportion 1s. | 

As 324 to the length in feer, ſo is'the 
breadth in feet to the content in roods. © 

Ex. gr. Ar 30 foor in length, and 15 foot 
in breadth, you have 1 rood 4 and berter, or 
one rood yx4 parts of a rood. | 
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CuayP. IX 


The menſuration of S olids, as Timber , $ tone, 
'. &c. by the lines onthe ;roportional fide of the 
- " Iooſe piece, © | eto 


FS, 


T Heſe two lines meeting upon one line in 
| the midit betwixt them (for diltin&tio 
ſake) I call one the right, the other the le 
line, which are known by the hand they ſtand 
toward when you hold up the piece inthe 
right way to read the Figures. | 


The 


3 a 


Ou pa | 


- - ” ' ” . » . 
4 ” NN CARES > wr Oe” _ 
- bat >" £0 $ 4y 
Td _ NEE” HF OI ———— A IIs. - ren. I "- = _=_ 
g , % ; ; WO 
: bo 
k <n 


_ "ob Tho Sewicirile Lib.” 
"The right line hath two figured particions. 
The firſt partitionis from 3, atthe beginning 
to the letters Sq. every © qi divition re- | 
preſenting at inch,and each ſubdiviſion quar= - 
ters of an inch, .. | 2 
The next parcition is from the letters $q. 
unto.12, atthe end , every figured diviſion 
Ggnifying a foot, and each ſub-diviſion the 
inches in a foot. The letters T R,and T Dare - 
for the circumference and Diameter inthe 
next meaſuring of; Cylinders. The letters R 
and D. for the meaſuring of Timber, accord- 
ing to the vulgar allowance, when the fourth 
part of the gire is taken, &c. The letters A 
and W are tlie gauger points: for Ale and 
Wine Meaſures. Laſtly, the figures 1 2 *cwixt 
Dand-T D. are for an uſe,expreſſed Probl. 2. 
The left line alſo. bath ewo figured partici- 
ons, proceeding firſt from 1 at che beginning 
to one foot, or 12 inches, each whereof 
ſub-divided into quarters. From thence again 
t0'106, each whereof to 10 foot, is ſub-divi- 
ded into inches, ec. and every foot is figu- 
red. But from 10.foor to 100, only every. 
renth foot is figured ; che ſub-diviſions re- 
preſenting feet. The method of working 
proportions by theſe lines (only obſerving. 
the ſides) is the ſsmeas by the line of Num- 
bers, viz. extending from the firſt to the ſe- 
cond, &e Sg Prom. 


; i 30 
, 
% 


Pk 0 26 r. 


T6 pabive Timber of wniqual Veatch. and pt 


to 4 true __ 


' Asthebreadh on the lefe isrothe breadeh 
on the right, ſo is the-depth on che lefr, to 
the ſquare onthe right line. . - 

At 7 inches breadth, and 18 inches depth, 
you have 11 inches 5 and berter for the true 
ſquare. 


PROBL, 2 


The ſquare of a Piece of Ti ;nlay given in I \ Liekes 
or Feet, and Inches to 0 finde. how much 3 in og 
makes a Foot ; © np 5 | 
As the ſquare | in feet and. \inalins on ache 

right i is to one foot.on the left, ſo is the point 

Sq. on the righr co the number of feet and 

inches on the left for a foot ſquare of Timber, 
At 18 inches ſquare, 5 inches + and altnolt 

half aquarter'in length makesy too. When 
your Timber (if ir. be mn ro call ſuch 
pieces by that name)is under 3 inches ſquare, 
account the figured diviſions on the ri =. 
line from the letters Sq. to the end, 
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inches , and each ſub-diviſion twelve parts 


of an inch. So.that every #hree of them - 
makes a quarter of an inch. Then the pro-' 


tion is; as clie' inches and quarters ſquare 
onthe right is.to 100 on the left, ſo1s the 
point 12 'twixt D, and T D, oncheright, ro 
thenamber of feet in lengrb on the left to 
' makeafoor of Timber. ; 
s 2 inches } ſquare you muſt have 23 foot 


: 


of afoot of Timber. - = 


EROS, 23-- 


T he ſquare and length of apiece of Timber given 
inlagl «1 + -80 finde the content. © 


\ 


pon $q. on the right -1s tothe 
length in feer and inches on the lefr, ſo is the 
ſquare in feet and: inches on the right tothe 
.cooent in feet. onthe left, | 
' (Ar 30 footinlengeh, and 15 inches ſquare, 
you;have 46 foot 5of | Timber. ' mY 
At 20 foot-in-length, and 11 inches fquare 
you bave 16 foor, and almoſt Zof 'Timber, | 
When you have a front piece of Timber 
exceeding 100 foor (which you may ealily ſee 


by the excurlion upon the rule) then rake the 


true ſquare, and half che length ,' finde'the 
ehS; * CON» 
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6 inches, and ſomewhat better for che length __ 


by PE. Ye CER 


&. (- 
I — $5 
Fs "v6 REP, 


« " F. 

if Ra eds 

Ay o $i . 'Y . WY : 

v7 + Pp : 
- "4 Y 

BY: - 


ns #2554 


= ' phe =ay; 
prune thereof bythe xm rr 
-  doublingrhar content 5 you have hg who e 
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The / ET ULIR or girth, of a round prece o 
Timber, being Pon. eny together with the ces 
to finde the content. 


As the point R. on the rightto the lengeh 
 infeerand inches on che lefr, ſo is the cir- 
cumference in feet and inches on the right, 
. toche content in feet on the left. 

At 20 foot inlengrh , and 7 footin girth, 
you haye 60 foot o Timber for the content. 
\ This is after the common allowance for the 
wafte in ſquaring;and although ſome are plea- 
ſedto goerrel with the allowancer,as wrong- 
ing the ſeller , and giving the quantity leſs, 
than intrurh icis; yer I preſume when they 
buy.ir themſelves, they ſcarcely judge thoſe 
Vos 6 worth the hewing , and have as low 

hes of he over-plus, as others baye of 
the? their admonition. , .. 

If it be a Cylinder that you would take 
exaQ&content of, then ſay, 

As the point T R, onthe right, is toche 
lengeh onthe lefr, ſois the port on the right 

ro 
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to the exaRt* content on the left. | 
At 25 foot'in length', and 9 footin girt, 
you have 59 foot of ſolid meaſure. | : 
The Diameter of any Cylinder given, you 
may by the ſame proportion finde the con- 
rent, placing tbe point D, inſtead of R, in 
the proportion far the uftal allowance , and 
the point TD) for the exat compure. '” 
PROBL. 5. 


\ 4G 


To meaſure tapered Timber, 


Take the fquare or girt at both ends, and 
note the ſum and difference of them.” Then 
for round Timber, as the poince R. on the 
right, isro the lengeh'on the left, ſo is half 
the ſum of the pirt at both ends on the righr, 
ro a number of feet on rhe lefr. Keep this 
number, and fay again, ene 

As the point R.onthe right, is ro the third 
part of the former IC" on the left, ſo is 
balf the difference of the girts on the right, 
coanumber of feer on the letr ; which-num- 
ber added to the former, gives the trne'con- 
tent,” The ſame way you may ufe for fquare 


Timber, only ſerrivp the feer and inches 
ſquare inſtead of rhe grrt , and the point Sq, 
inſtead ofthe point R.'Ar 30 foot'in lengeb,7 

o0c 


Lib.I.,' on «a $effore 67 
foot atone end,and 5 atthe ocher in pirt,half 
the ſumofche girts is 6 foot,or 52 inches;the 
firſt number of feet found 67, balfthe diffe- 
rence of, the girts is x foot, or 12 inches, the 
third part of the length. 10 foot; then the 
ſecond. number Foupd wil be 7 foot, one 
uareer and half aquvarter. The ſum.of both 
or true contear) 7 4 foot, one quarter, and 
half aquarter, \ gle 1 
For ſtanding Timber, take the gire abour 
a yard from the botrom-, and at 5; foor from 
the botrom, by Chap. 7, ſer downtheſe ewo 
diameters without the bark ; -and likewiſe 
the difference 'rwixt them. Again, by Chap. 
6. Probl, 4. finde the alritude of the cree, ſo 
far as it bears Timber (or as we commonly 
phraſe ir, co the collar) this done , you may 
very near proportion the girt at che collar 
and-content of the tree, before it falls. 
| In caſe any make choice of the” hollow 
contrivance mentioned, Chap. r. they need 
no compaſſes in the menſuration of any ſo- 
lid ; provided the lines for ſolid meaſure, 
and gauging veſſels, be doubly impreſſed 
(only ina reverted order, one pair of lines 
proceeding from the head toward the end, 


3 | and the other pair from the end toward the 
' head) upon the ſliding cover,and its adjacent 
'. | ledges, 

This 
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This done, the merhod of performing any 
of the Problems mentioned in this Cliapter,' 
is eaſe. For whereas 'you are before direR-' 
ed to extend the Compaſſes from” che firſt 
rerm'to the ſecond ;| and- with' char' diſtance” 
ſetting one point in the third cerm, the other 

int gave the fourch', or: term os vpn i 

ere, obſerving the lines a5 before, {lide the 
cover until the firſt term ſtand direQlya- 
gn the ſecond ; | then looking for the 
third on its proper line, ir ſtands exactly: a- 
gainftthe fourth term, or term ſought 'on 
cheother line. | , | 

Only note, that when the ſecond term is 
greater thanthe firſt, its performed by that 
pair of lines proceeding from the head to- 
ward the end: But when the firſt term'-is 


_ greater than the ſecond, ic js refolyed by that 


pair of-lines which is mimbred fromrhe end 
coward'the head. > Dy 
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. T6, Gauge, efſels, either for Wine , pn ele, 
$3001 IR445-4 Meaſures: . | ra 


PROBL. I, 


T he Diampter at Head, and Diameter at Bowng, 
4, gimenin Jnches, and terith-parts of ap Tneb, 
to finde the mean Diameten'in like meaſure." 


MFNAke the difterence ininches, anditenth 
- A: ipartsof an inch; -between the ewo dia- 
meters. i Then ſay;by che line of numbers, 

$ I isto,7, ſ0.is:the difftrenceto a fourth 
number of inches, and tenth pares of an inch. 
This"added ro the Diameter at head, pives 
che mean Diameter. Ex. gre-, 

Ar 27 inches the boung , and 19 inches 
"two tenths at. the head , the. difference is 7 
inches, 8 renths. The tourch number found 
' by the proportion will be 5 inches, 4 tenths, 
and one. half., which .added: co che diameter 
arche head, gives 24 inches, 6 cenchs, and 
one halt centh gf an.inch, for the mean dia- 


F; ProdL. 
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The length of the Veſſel , and the mean Diame- © 

" tergiven in Inches, and tenth parts of an+-Inch, . 

fo finde the content tn Gallons, either in Wine © 
or Ale meaſure. | 


Note firſt, that the point A,on the right is 
che pauge" poine' for” Ale meaſure; and the 
poinr W, on theriphe; is the gauge point. for 
Wine meaſare, Then ſay, d 

As the gauge point on therighteo the 
lenpth-it-inches, andrenth-parrs of an inch 
onthe lefr, fois the mean diameter inches 
and temth parts of ai" inch onthe right, to 
rhe content in gallons onthe left, '- - 
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Some nſes of the” Lines on the inward ledge of 
the moveable piece. - ? 


He Line of inches and foor meafare do 

by infpeCtion (only _) reduce either of 

the meaſures into the other, Ex. gr. Three 
on the line of inches ſtands dire&ly againſt 
25 cents of foot meaſure, Or 75 cents of 


foot 


Lib.l. an 4 Setter, 
foot-meaſure is diretly againſt 9 on the 
inches. Ky -Þ 

_  Angther uſe of theſe lines (welcome per- 
haps: co chem chat-. delight 'in inſtrumental 


- . Compuegtions)) is,co know the price of car- 


riage for any quantity, &c. by inſpeRion. 
 For-this — the line of TE re- 
p__ the price. of a pound, every inch 
ing a. penny}, and every quarter a far- 
thing.. The prick line is the price of an 
_—_— ound at five. m_— _ (ROW ro 
the hundred , every divilion lignifying a 
ſhitting, ws EY 
The line of foot meaſure. is the price of 
an hundred pound at five ſcore to the hun- 
hes every diviſion ſtanding for a ſhilling, 
XN, pre. T's BMP 
Art 3 pence the pound onthe inches, is 
28 ſhillipgs on the pricke line, and 25 ſhil- 
lings.ob the foot meaſure , for the price'of 
an hundred,tbe like for the conyerſe. Ocher - 
wiſe, the price of a pound being given , the 
rate. of an hundred is readily computed 
Without the rulg. For conſidering the num- 
ber of farchings is in' the .price of a pound, 
Fee thor number of ſhillings, \and once char 
.Dumber of pence', is the price of an hun- 
dred, reckoning, five ſcore tothe hundred ; 
.or twice that number of ſhillings, atid once 
F4' that 


4%. 


> (6 ts RO ge IO ne eee 9m nek ”""— C4 Sa OF Ga IL IG wean” 
o - _ —_—— © — OR —_ Y 
—_— by —_ =— 
—_ | —— oo roo a " a. 
: » 4 v -_ < cf 
p V- 
- * — = = n 
EIA Gee es ns. A a. ac ine a... RD 0) er rooetd_—r + bins.” "SEEKS 22 
, I 
Gt 
n 


3 
=! 
| | 

| 

mm! 

oF 


—_— "84 —_ 
er En rn OO 
x 


wn tr y 
Sou Om en ERA TOI er ny > 


if nor roo tnUch already. - ” 


” | The Semichie Lib.t. 
chat number of groats; is the price'of an 


hundred, zt five ſcore and twelve co the hati- 
dred. Ex, gr. At three half pence the potind, 
the number of farchitigs' is ſix. Therefore, 
ewice {ix ſhillings, and once (ix pence '(thar 
is 12s, 69d.) isthe price of an bundred, at 
five ſcote tothe hundred: Again, twice (ix. 
ſhillings, and once fix groats (chat i245.) 
isthe price of an hundred, - at five ſcore and 
twelve to the hundred. Bur of chis enough, 
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'To divide a plot of Ground into any propoſed 


quantities. See Fig. 4. 


Quipoe ABC DEFCHTK IL, x plat 
of ground, containing 54 acr. 2 roods, 
28 poles, from the point'A, I am required ro 
ſhut off 13 acres, nexcthe ſide B C. Draw 
A D, and meaſure the. figure A B CD 
which is 14 acr; 2r. 3 p. eat is 3 act; 7 
37 p. or 557 poles too little. Draw agaih 
AF, ſing) rocafore. A DF, which is 130g. 
poles, Then by Chap. 5 Probl. 1. entriy; 
D F, thebaſe of che criangle in'1309 on rt 
lines of lines, and raking out 557, ſet ir from- 
ND, ca 
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' GI, $0 have you 


Lib. 0n'4 Stttor« 73 
D to E, and draw A E. $0 haye you the 
figure ABCDE'18 acres.” Again, fromthe 
point G,I would ſet off 20 acres next the lide 
AE, draw'A' G,and meafure AEFG 1g 
'acr. Or. 2 pol. whereof want 4 acr, or, 
38pol. that 698 poles;; then drawGK, and 
meaſure G A K 2113 poles. Laſtly , by 
Chap. 5. Probl. \1, enter-A K, the:baſe..of 
the triangle in 1113 uponthe lines of lines, 
and taking out 678, ſetit from A, and draw 
 fioure EF GL, 


ewenty acres.-- 


> How ready 'the inſtrument would be for 


ſurveying with the help of a ſtaff, Ballſocker; 
and Needle, is obviousto any one that con! - 
ders its graduated into 180 degrees. 
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CH AP. XI. 


$S ach of Geography as FRO POOR. fioding the 


dift ance of any two places mpon the Terreſtrial 
Globe. 


Ere are three Caſes, and each of thoſe 
- contains the ſame number of propoli- 
tons. 
| Cast 


' 
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z | When the two places differ in latitude only. 
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Then one plagh lies under the Equator, having 
nv. 2180 Latitude. | 


WET 5 . CLONT ; ; 
' The latitude of cthG@btber place turned in- 
to miles , (reckoning 60 miles, the uſual 
mpute , for a degree ) is the diſtance 
ſou & 1 $3: > | F 4 


16 | ; 
* . 
ib PR Oo P12: 


when bath places have the ſ.me pole elcuated, 
Viz. North, or Soath. 


Take the diffgrence of "their Laritudes, 


and reckoning 60 miles for a degree (as be- 
fore) you have their diſtance.. - - 


Px OP. 
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When the two places have diferent poles elevated, 
Viz. one North, the other South. 


Adde two latirudes together, and rhar fat 
turned into miles is the diſtance. 


Caogng 
When the tmo places differ in Longitude only. 
| PROP L. | 


When neither of them have any Latitude, bat lie 
both under' the Equator. 


Their difference of Longitude turned in> 
to miles (as before ) isrheir diſtance. 


PROP,'2 
Whentht two places have the ſams Pole elevated. 


The proportion is thus. 

Asthe Radius is 'to the number 60; fo is 
the coline of the common laritde ro the 
number of miles for one degree of —— 
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Multiply this number found by the diffe- 
rence of longitude, and that produtt is the 
diſtance inmiles. 


o ' - 
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aP X O.P- 3. 


twin the two places have different poles elevated, 


As the Radius is to the coſine of the com- 


" mon latitude, ſo is.the fine of half che diffe- 


rence of longirude to. the ſine of balf the 


di 
herefore this fine of baf the >| ii 


doubled and turned into:miles , is the true 
diſtance. 
al \v \ . Ki F . 1”, <4 \ "BAT" vom yo \ 
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Oey: two pre dif " M ongihnde; and La- 
ot y* 
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When: one of the. places lies under the vguater, 


havitg no Latitmde; 


As the ts is rorke 1 of the diffe- 
ed or, longirade-r{p.; is the coline-gf the 


nimdero th ecoline of che diſtance... 


PROP: 
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When both the places have the ſame pole elevated. 


Asthe radius is to the coline of the diffe- 
rence in longitude ,.{0. 1s..the co-tangent of 
the leſſer alticude, to the cangent of a fourth 
ark. | 

Subrra& this fourth ark out of the 
plement of the leſſer laticude,. and keegthe 
remain. Then, 41 vein 

As the coline of- the fourth ark isto the 
coline of the remain, ſo-is. the line of the 
lefſer latitude to the coline of the diſtance, . 


PROP. 3. 
t#hen the two places have different poles elevated, 


_ Asthe radius is to the coline of the diffe- 
rence in longitude , ſoisthe co-tangent of 
either latitude to the tangent of a fourch ark. 

Subtra&t the fourth out of che laticude nar 
raken into the former proportion , and note 
the difference. Then, ms 

As the coline of the fourth ark is to the 
coline of this difference, ſo is the (ine of the 
laticude firſt raken, to the coline of the, dis 
ſtance, CHAP, 
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Sor " the I fuvicers in Nevigatien , or 
plain Sailing. 


Ere it will: be neceſſary ro premiſe the 
explication of ſome terms, and adjoyn 
rwo previous proportions. | 
\ ,t, The Compaſs being z circle , divided 
into 32 £qual parts, called rumbs ; one point 
orrumb is rt 4. 15 min, ofa circlefromthe 
meridian : rwo points or rumbs is 22d. 30 
min, &c; of therelt. | 
. 2, Theanple which the needle,or point of 
the compaſs under che needle, makes with 
the meridian, or North and South line is cal- 
Ted the courſe or romb ; - bue. 'rhe angle 
which it makes with rhe Eaſt, and Weſt line, 
or any paraltel, is tamed the complement of 


thecovrie or furs. 


3, The departure ie the longirade of char 
Pore from which you ſer ſail, 
. The diſtance ron ,'is the number of 


miles, or leagues (turned into degrees) chac 
you! have failed. 


5, When 


Es -.* 
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5. 'Whenyou are in North latiende, and 
fail North-ward , adde the difference of la- 
ticude to'the faticude you failed from; and 
when you are in North Taticude ,. and. fail 
Southward, ſubrra& the difference of lati. 
tude from the latitude you failed , and you 
have the larirude you are ih, 

The fame rule is.to be obſerved i in South 
latitude, 

6, To finde how many miles anfiver'to. one 
degree of longitude in any latieade,” 

Asthe radius is tothe number 60, ſo is the 
coſine of the _— ro the number of mites 
for one de 

7. To le how many miles anſwer to one 
degree of latitude on any rumb., _ 

As the coſine of the rumb from che Meri- 
dian, is to the number 60', ſo is the radius 
tothe number of miles. 

The moſt material queſtions, in Navigation 
are theſe four, 

Firſt, To finde the courſe. Secondly, The 
diſtance run. Thirdlv, The difference of 1a- 
titude, Fourthly , The difference in lon; T 
.tude; and any ewo of thefe being i aps 
other two' are readily found byr eSquare 
ard Index, 

Theſe two additional rulers were omitred 
in the firſt Chapter of this Treatiſe; alt was 

Wy 


next.che.left edge, .being toa ſmaller.; thac 
next the right edge,to a larger radius., _ _ .. 
_  For.cheuſe of theſe rulers, you muſt have 
['Y a line of equal parts adjoyning to the line of 
{;- fines on tbe fixed, piece ,. divided into-10 
; parts, .{tamped with fgnres ,-each.of. choſe 
divided. into 10, parts more. ; . ſo. chat. rhe 
whole line is divided into 100 parts, repres , 
ſenting degrees... Laltly , ler each, of thoſe" 
degrees be ſub-divided into as many parts, 
as the Jargeneſs. of, your: ſcale will. permit, 
for computing the minutes of a degree. ws 
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HOETT 
The Index is to. moye upon the pin on the 


fixed piece (where yon hang the chread for 


eaking altitudes) and that (ide of the Index 
(in any of the four former queſtions ) . muſt 
be upward, which Hhath"the' ſcale 'of equal 
parts. | ;. "3 
The ſquare is to be flided along the qut- 
ward ledge of the fixed piece, Then the 
general rules are theſe.” FE 
The” difference of latictyde is accottht 


| onthe liae of 'equal parts, adjoyning e the 


fines'on the fixed piece. © eo 
The difference of longitude is numbred 
on the ſquare. ppt: We 
The diftance run is reckoned upon the 
Index. _ go ? | 
The conrſe is computed upon the degrees 
on the limbfromthe head toward the end of. 
the moveable piece, ; ad 
Bur when any would work theſe Problems 

in proportions, let them note, METS 
The'diftance run, difference of longicudse, ; 
and difference of laticude, are all accotinted 
on the line of numbers ; the rumb or courſe 
iseicher a ſine of tangent. phe 1 
This premiſed. I ſhall firſt ſhew howto 
reſolve 'any Problem Dy the ſquare = 
dex ; and next adjoynthe proportions fars 
fe of ſach as have bal okee ThſtrabMis, 
G - PROB Leo 
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The c0%7 [+ and diſtance. run given , to finds the 
rn latitude , j.; difference of lon- 


_ Apply che Index to. the courſe reckoned | 
on the limb from the head ,,and {lide the | 
ſquare alongehe ouryard ledge. of the fixed | 
piece, until the Ridycis] edge interſe& che 
diſtance run on the fiducial edge. of. the In- 
dex. Then at the. poing of loverls [0n,you | 
have the difference of Iongitude vpon the | 
ſquare, anq onthe ling.of val DRL on the 
ed piece, the ſquare ſhows the difference 
of latitude, The proporcion isthys,  . - 
| As the radius is to'the diſtance run , ſois 
the coſine of the courle to the difference of | 


- 


latityde. Again,  ._: 


As the radius isto't ediftance, run, to is | 
the line of the courſe to the differgace; in | 


Iyngitade. 
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Te courſe and difference,of latitude given.ta find | 
E the diſtance r9n, apd, difference is ongit de. 
Was} x CIOGDIY 2811 1 | 
"Slide hs lguare to he difference of lati- 
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eude on. the lins of equal parts upon the fix- 
ed Pieces and ſex the Index to the, coutle on) . 
the limb: Then at the point of interſection 
of the ſquare and index, on the ſquare isthe 
difference of longitude, on:the index the 
diſtance run; The proportion is thus. 

As the coline. of. the courſe. isr0.the diffe® 
rence of latitude; ſo is. the radigs tothe di- 
ſtance run. Again, 

As the radius is to the ſine of the coutſe; 
ſo is the. diſtance run. to the difference: o 
longitude. 


PROBE. 3, | 
The Jos and difference in langitada given; y 
finde the diſt ancer unyond difference of latitnde. 


Apply the Index to the courſe gn the limb, 
and che difference of longirage onrche efquare 
tothe fiducial edge of the Indoxs Then ac 


| thepoint of intexſetion you have diſtance 
- rvn.on the index, and upon theline of equal 


parts on the fixed piece, the ſquare ſhows 
the difference of laticude. The proportion 
is thus. 

As the line of the courſe is to the diffe- 
rence of longirude;o is the radius to the dis 
ſtancerun. Again, | 

Gz As 
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" Asthe radius is to the diftance run, ſois 
the coſine of the ptr the difference of 
latitude.” 


\PrOFL 4 


The fence run, and di ference of latitade gi- 
ven to finde the courſe, 4nd difference in lon- 
om 


Slidethe ſquare ro the difference of lati- 
ende onthe line of equal parts on the fixed 
piece, and moye the index until the diſtance 
run numbred thereon, interſe& the fiducial 
edge of the ſquare ; chen at the point of i 
rerſetion'you have the difference of. fone 
rude'on the ſquare, and the fiducial edge of 
the Index on the limb ſhows che courſe. 

As che diftance run {s to the difference of 
latirude, ſois the radius to the coline of the 
courſe. Apain, 

Astheradius is to the diſtance run , fo is 
the line of.che courſe 1 ro the difference of 
longitade. pe 3 
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Pro s Le. Fo 


The diſtance run, and difference of longitude gi- 
_ vento finde the conrſt , and difference. of 7 - 
_ titude. 2: eG 


Apply the diſtance run numbred on the 
fiducial edge of the index, to the difference 
of longitude, reckoned on the fiducial edge 
of the ſquare. Then on the line of equal 
parts upon the fixed piece, the ſquare ſhows 
the difference of laticude 3 and. the index 
ſhows the courſe on the limb. The propore 
tion is thus, : 

. As thediſtance.ruy is to the difference of 
longitude, ſo is the radius toche line-of the 
courſe, Apain, 

As the radius is to the diſtance run, ſois 
the coſine:of the cqurle , to che differeyce 
of laticude. SSR, 0 


=y 
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PROBL. 6. 


T he difference of latizude, and difference of lons 
gitude given, to finde the conrſe, and diſtance 


TWn., 


Apply. the ſquare to che difference of 1e- 
APP AY Ueude 
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ticude on'the ſcale of equal parts vpon the 
fixed piece, and-move the index until its fi- 
ducial edge .interſe&_the difference gf lon- 
girude, reckoned onthe ſqvate. Then at che 
point of Inrerſeion you have the diftarice 
run upon the index; and the fiducial edge of | 
the index upon rhe limb ſhows the courſe. 


The proportion is thus. pe 
As the difference of latitude is to the dif- 
ference'of Iongitude, fo 'js the radivsto rhe 
fangenr of the courſe,” Apain,, 
_ As the ſine of che courſe is co the rading, 
fo is the” difference of longitade to the di- 
ſtance run. . 05.044'S4 while 1 # 4 A p 7 
2 29795 
e119 vIT 


I Sailing bythe Ar k of a great C irele. 


”*Forthis purpoſe*the tanpent lines onthe 
index will bea ready help, uſing the lefler 
for ſmall , and the greater rangent line, for 
great latirudes, The why is thus, 

_ Account the pont 6c/o,, on the outward 
ſab of the moveable piece ro be che poinr, 
or port of your departure ; thereto lay che 
fidycial edge of the index, and reckoning 
rhe latirug 5 of | the Porte you departed from 
pbonzhe index, ſtrjke a pin (direRly tonch- 
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ing it, ift6 the table your inftraiment lies 
upon, . This. pin ſhall repreſent the.Port of 
your departure. Therefore hanping a eh 

or hair, 0h, the cehrer , wiereon he intel 
moves ; .and winditg itabout this þih. Cotitie 
the differetce of longitude 'twixt the port of 
your departure , #hd the Port you ail &g- 
ward, from 66, 6 on the moveable piece to- 
ward 0/60, on the loofe piece; and thererd 
lay ſame fiduci of. the .index, 
reckon the latirude of this laſt Port upon the 
index, dire&ly touckiing '6f ic, ſtrike down 
another pin upon the table , and 'draw the 
thread ſtrait about this pin faſtening irthere- 
to. This done, che ehtead betwixtthe'two 
pins repreſents the ark '6f your } tree op z 
and laying the fiducial edge of the index to 
any degree of difference of longittide ac- 
counted from 60[o on' rhe moveable piece, 
the thread ſhows upohi "the itidex Whit lati- 
rude you are in and! how much yoli have 
raiſed, or depreſſed the pole ſince your de- 
parture. On thecontrary, layfng the lati- 
tude your are in (nbmbred upon the inffex) 
co the thread, theindex ſhows the difference 
of longitude upon the limb ; counting from 
66/0 ori the rhoveiblepicee; 'Sdyrhat vere 
it poſſible to ſail exa&ly by rhE'#rie 6Fa\g#ear 
Crcle, it wotild be'no/ difficulryto deter- 
G4 mine 


RET. 
<.batagte p 
n_- 


- 
MT _ ” © 9 I”. ” A 13D " Tm 7 
rin s N - 


a 7% . 


4 4 w i 
by 88 


The Semicirgle 


Make..; $5119 © ws 71 1% 1 TH WETTPOTY” 
©» But.Lintend nat atreatiſe of Navigation ; 


. Wherefore ler ic (affice, that I haye already 


3 how the - moſt material Problems 


therein, may eaſily, ſpeedily, and (if the in- 


Kirument be large) exaQly, be performed by 
the inſtrumene wichout che trouble of Cal- 
culatiqn, or Projeftion. 


IR Sams un. —_————T 
| CHapP, XV. 

The Projettion and Solution of the fpxteen Caſes 

in, right angled Spherical Triangles by fine 


| Caſes. See Fig. 5. 


He fundamental Circle NBZC, is al- 

- wayes ſuppoſed, ready drawn ,, and 
crofled into: quadrants, and the: diameters 
produced beyond che Circle. - | 


CASE I. 


Given both the ſides Z D, and DR, toprojett 


tbe Triangle. 


By a line of chords, prick off Z D, upon 
the limb,' and draw the. diameter D AE. 


yp Again, by 8 line af tangents , ſee balt co- 


rangent 


FF Cevicir Lib.I. 
min e, the. longitude in any latitude you” | 
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tangent DR, upon A.D, from AtoR; then 
have you three points, iz. NR Z, to draw 


that ark, and/make up tbe triangle, .The - 


center of which ark always lies on. AC, (pro+ 
duced beyond C, if need requires) and is 


found by the interſeRion of the two arks - 


made from R, and Z. « 


| CasE 2. 
Given one fide Z D, and the hypothenuſe £ R, 
| to projefF the Triangle. | 


Prick off ZD, and draw. D AE, by Caſe 
1. Apain, ſet half che co-tangene Z R; on 
theline A Z, from A to F, and the tangent 
Z R, fer from FroP, with the extene FP, 
upon the center P, draw.cheark V FI, and 
where ie interſestche diameter DAE, ſer 
R ; then have you chree points N RZ, to 
draw that ark, as in the former Caſe. 


Casn | 
Groen the Hypothennſe Z R , and the Angle 
D Z KR, toprojett the Triangle. 


Prick half the co-rangent D Z R, from A 
toS, andthe ſecant DZR, fromsS to T, up- 
$ onthecenter T, with che extene TS, draw 
9 cheark N S Z.-Apain, by Caſe 2, draw ar: 
] ar 


” af 


go The Semicirele Lib.t. 
ark HET, where theſe two arks interſe&& 
each other, ſet R. Laſtly , - &- rulerto A 
R, * and draw the diameter DRAE, and your 
rtiahglers made. 


e hls ON CASE 4. | 
Given one fide Z D, antl its adjatent Angle 
D Z R, to projett the triangle. 


-Priek off ZD; and drawD AE, by Caſe 
if r, Again, by Caſe 3, draw che ark NSZ, 
gl , where this ark interſeRs the diameter DAE, 
4 ſer R," and your eriangle is made. Or, - |} * 
Given the (ide D R, and its oppoſite an- 
gle-DZR, yon may proje thetriangle, 
Draw'the atk 'N'$ Z, as before. Again, 
rake half che co-tangene D R, and with chat 
excenr apon A, the center, croſs the ark 
N'SZ, ſettirig R, at the point of interfe&ti- |! 
on. Laſtly, lay a rulet ro AR, and draw | 
che diamerer DRAE, which makes up 
your triangle. ** | 
The crianple projected in any of the four 
former Caſes,' to! meaſure any of the lides, j 
or angles, do thus. 2 
Firft, the file ZD, is found by apply- 
ing it to a line of chords. Secondly, RA, { 
 applyed to x line of rangers, is half che | 
co-tarigent DR: Thirdly, 'A S, applyed ro ? 
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aline of tangents is the co-tangent DZ R. 
Fourthly, ſet half the ranger DZR, from 
Ato L, then is L the pale point, and laying 
arulerto.L R, ir cuts the limb at. V, andthe 
ark Z V, npon the line of chords, gives the 
hypochenuſe ZR. Fifthly, prick Z D from 
Cro KR, a riler laid from R ro L, cutsrhe 
limb atG, then GK, upon alineof chords, 
is the quantity of Z R D. 


| "Cats. 7 ee 
The two oblique. angles, D-Z*R, and..Z_R1 
given, to preſent the Triangle. See Fig. 6, 


This is no more than turning the former 
triangle. This, Wh | qv 
Draw the'ark N SZ, by Caſe x, andſer 
half the tangent of that ark from'A to L. 
Again, ſet half the co-rangent DR Z, from 
Aro PF, and theſecant of DRZ, from-Fjro 
EL,” uponthe center A, with the extent A'P. 
Draw the ark PG, 'and with the extemr FP, 
from L, croſs the ark PG in G. Laſtly, 
npon the Center G, with the extent GL. 
Draw cheark R D FL, and your triangle is 
made. * | UNTIL 
The triangle projefted you may meaſure 
-off the lides and hyporhennſe. Thus, 
'Exrft, the bhypochenitſe Z'R,is meaſured by 
; | aline 
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92 The Semlcircle Lib,I, 
a line of chords. Secondly , a ruſer laidto |} , 
LD, cutsthelimb at H, and'Z H, upon a þ 
line of chords, is the meaſure of the ark | 
ZD. Thirdly , draw AG, and, ſet half the c 
rangent DRZ, from Aro V,* apply. a ruler el 
fo, VD, ir curs the limb at E, chen R E, up- 7 
ona line of chotds, meaſure the ark R D. D 
. Note. The radius toall che chords, ran- | © 
.- gents, and ſecants, uſed in the proje&ion, "i 


and meaſuring, any ark or angle, is the ſe- T 
midiamerer of che fundamental circle. t 
CE EE EEE EECCOTIINER "W478 d: 
Cray. XVI. 
iy The projection and ſolution of the, 12 Caſes in 


+. oblique angled ſpherical triangles in ſix Caſes. 
' See Fig. 7. 40, 


He fundamental circle N HZM, is T an 
& alwayes ſuppoſed ready drawn, and | 11 
croſſed into Quadrants, and: the Diameters P; 


produced beyond the Circle, ca! 
Oh a+ rs —— cet 
7" CasS® 1, ON ar) 

The three fides, ZP, P Z, and Z S, given S, 
+ - , be projet> the Triangle. | dra 


-'By.a;line of chords prick off Z P, and 
ents. draw 


«»- < YW1Y Y 


Lib.I, 

(raw the diameter P CT, copay at 
right angles in the' center with A CE, fer 
half the co-tangent PS, from C to G, and 
the fecant P $ from. C to R. 5 upbn the 
center R, with the extent R G, draw the 
theark FGL. Again, ſet half the co-rangent 


ZS, fromC toD, and the tangent Z S, from | 


D to O, with che extent O D, tpon the 


center O, draw the ark BD P, mark where 
theſe two arks interſe& each other as ar'S;,' 
Then,have you three points T'SP, to draw: 
that ark, and the three points NS 'P, t& 


draw that ark, which make up your triangle: 


Cas 2, 

Given two fides Z S, and Z Þ, with the com- 
prehended Angle P Z S, to projett the Tri- 
angle. | | wh 
Prick off Z Þ, and draw PCT, and CE, 

and the ark B DP, by Caſe 1. Again, ſer 
the rangenr of half the exceſs" of the angle 
P Z S above go, from Cro W, andthe co-ſe- 
canr of that exceſs from W ro'K, 'upon rhe 
center K, with rhe extent K W ; -draw the 
ark NWZ, which cuts the ark BDP in 
$, Then bave you thethree points TSP, to 
draw that ark wich makes up the triangle. 


Cass 
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Tan Angles $ZÞ and ZÞS with the comg- 
-Pobeode {ts F'Þ, given, t projet he Tri- 
- mf 6 2113 I 


_. Prick off , 'P, and draw the lines, Þ CT, 
and A&'CE, by Caſe 1, and che angle N WZ 
by Caſe 2. Laſtly , ſer half che .co-rangent 
ZPS from C to; X,, and the ſecant Z P'S; from 
Xo V, ,uponthe center V, with the extent 
V Xs dev: the ark TXS p, and the triangle 
is made. 


-Cast 4. 


T wo fdes , ZP, and PS, with the Angle op- 
poſite to one f hem SZ of given; to projett 


Prick off. ZP, and draw Fer, and &CE, | 
by Caſe 1, and the angle SZP by Caſe 2. 
Laſtly, by Caſe 2, draw the ark FGL, and 
mark where it intzrſets NWZ, as at S,.then 
have.you the chree points TSP, eo:draw that 
ark, IA up the wiangle. 


Cxs! 
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Cast'5. 


Two Angles $ZP, and ZPS, with the' fide o+- 
poſite to. one of them ZS, given, to projett 
the Triangle, | 


Draw the ark BDP, by Caſe r. and the 
ark NWZ, by Caſe 2. at the interſe&ion of 
theſe two arks, ſerS, withthe rangenr of the 
angle ZPS, uponthe- center C.. fiveep' the 
ark VAL. Again, with. the fecant of the 
ark ZPS$ upon the center. $, croſs' the ark 
Val, as at the points. V and'I. Then, incaſe 
the bypothenuſe is leſs than a quadyane (as 
here) the point V, is the center, and with 
the extent VS, draw the ark TSP, which 
makes up the triangle. Bur in cafe the hypo- 
thenuſe is equal to a quadrant, A, isthe cen- 
ter; if more thana quadrant, I, ts the cen+ 

{ rer ; in which caſes the extent from 4, or TI, 
; coS, is the ſemidiameter of theark TSR, 


1 | Casn 6. 


L Three Angles ZPS p and PZS, and ZSP, 
given,to projett the Triangle. See Fig;F« and 8; 


The anglesot any ſpherical criangle yu 
hes e 
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be converted into their oppoſite ſides, by |} 
eaking the complement of the greateſt angle 
to a Semicircle-for the hypothenuſe,- or 
eateſtde.' Wherefore by Caſe 1;" make 
fide. ZP,-in Fig. 4. equal ro the angle 
ZSP, in Fig, 3, and the ide ZS, in Fig. 4. 
equal tothe angle ZPS, in Fig. 3, and the 
fide PS, in Fig.-4 equal roche complement 
of (the angle PZS, 'to a Semicircle in Fig. 3, 
Thew 1s your triahgle proje&ed where the 
angle ZPS in Fig..q- isthe ide ZS, Fip. 3. 
Again, the: angle ZSP; Fip. 4. i$ the lide, 
ZP, it Fig.'3. Laſtly, tre complement :of 
the angle PZS'toaSemicircle in Fig. 4."'fs 
the meaſure of che hypothenuſe, or tideP'S, 
inSigus.., 10155 907 a1. oO 5364 9% 
The Triangle being in any of che former 
Caſes 'projedted, the quantity of any (ide or 
angle>may be . meaſured by the following 
Fales91:3 27 A314 H64D | 1 1A AY. Ae” 
.* Farits, The fide 'ZP, is found by applying 
it to; line” of chords,” Secondly , CX, ap- 
plyed to a line of rangents, is half the co- 
rangent of che angle ZPS. Thirdly, CW 
applyed to a line of tangents; is half che 
co-ranpent of: the exceſs of -rhe angle SZP, 
2bove 92: Fourchly, ſer.half rhe tangent of 
rhe angle ZPS, from C, to N, a ruler laid 
to 11 $3:cucs: the: limb a: F; then PF, ap- 
| plyed 
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plyedto a line of chords, gives the (ide PS 
Fifthly, rake the complement of the angle 
PZ S, ro a Semicircle , and fer half the ran- 
pen of that complement from C, to &, a 
ruler laid toAS, cuts the limb at B, and ZB, 
applyed to a line of chords, gives che lide 
'ZS. Sixchly, a ruler laid ro SA, cuts the 
limbatL. Again, a ruler laid ro SIT, curs 
the limbat ®, and L'®, applyed to aline of 
chords; gives the angle Z$P. | 


The end of the firſ® Book, 


Els. 
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An Appendix to the firſt Book. 


E hw ſights which are neceſſary for taking 
any Altitade , Angle, or diſtance 
(withour the help of Thread -or Plummer) 
are only three, viz.. one turning ſight , and 
two other ſights, contrived with chops, ſo 
that chey may ſlide by the inward or outward 
graduated limbs. The tarning ſight hath on» 
ly two places , either the center atthe head, 
or the center at the beginning of the line'of 
fines on the fixed, piece; to <ither of which 
(as occafion requires) its faſtened with a 
ſorne. The center at the head ſerving for 
the graduations next the inward limb of the 
looſe piece. And the center at the beginning 
of che line of fines ſerving for all the gra- 
dugrions next cheputward limb of che move- 
able and looſe piece both. Yer becauſe it is 
requiſite ro have pins ro keep the looſe 
piece cloſe in irs place, You-may bave two 
{ishts more to ſupply cheir place ( which 
ſome- 
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ſ>tttetices you may make uſe of) and ſo the 
humber of ſights may be five, viz.. two ſli- 
ding ſights, one __— ſ7ght, andtwopin 
ſights, to put into the holes at'cheend of the 
fixed and moveable piece, to hold the tenons 
of the looſe piece cloſe joynted. Every one of 
theſe lighs hath a fiducial (or perpendicular) 
line, drawn down the middle of them, from 
the crop tothe botrom, where this line rouch= 
eththe graduations.on the limb, is the point 
of obſervation. 

The places of theſe ſights have afi' oval 
proportion, about the middle - of : them 
only leaving a ſmall bar of braſs; t6 cotidut 
the fiducial line down the oval cavity z and 
ſupport a lictle braſs knot (wich a ſight hole 
init) inthe middle of that bar, which isever 
the point to be looked art. There are two 
wayes of obſerving an alticnde wich help 
. of cheſe (ights.* The one when we turnour 
face toward the obje&t, This is called a 
forward obſeryation in which you miſt al- 
wayes ſer the curning fighr next your eye. 
This way of obſervation will not exactly 
pive an altitudeabove 45 degrees. 

The orher way of obſerving an alritnde.is 
peculiar to the Sun in a bright day; when 
weturn our back toward the Sun. This is 
termed a backward obſervation ; wherein 
0 h- you 
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You muſt haye one of the ſliding ſights next 
Youreye, and the turning {ight toward the 
Horizon. ' This ſerves to rake the Suns al- 
' ticude without thread, or plummet, when it is 
near the Zenich. | 


PROB Le. I. 


To finde the Suns altitude by a forward obſer-, 


Uation. 


Serve the turning (ighr to the center. of 
thoſe graduations you pleaſe ro make uſe of 
( whether onthe inward or outward limb)and 
place thetwo fliding {ighrs upon the reſpe- 
ive limbrothat center ; this done, look by 
$be knot of, the turning fight (moving the 
inſtrumenc upward or downward) until you 
ſee the knot of one of the ſliding {lights di- 

' rectly againſt the Sun , then move the other 
ſliding (1ghr, until che knor of the turning 
ſight, and che'knor of this other ſliding fighe 
beagainſt the-horizon;thenthe degrees inter - 
cepted ewixt the fiduciallines of the ſliding 

ſights on the limb,:.ſhew the altitude re- 
quired... | 


ProBL. 
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el 


The Appenilis; 

PROBL, 2. 

T 9 finde the diſtance of any two Stars, &c. by 4 
| forward obſervation. 


Serve. the turning (phe to eicher center, 
and apply the two {liding; lights to- the re-' 
ſpective limb (holding the inftrumenec with 
the proportional ſide downward) and apply+ 
ng the turning {ighe ta-your eye, ſo move 
chetwoliding ſights eirher nearer cogether, 
or further aſunder, that you may by the 
knot of the teurning ſight ſee both objets 
even with the knors of their reſpe&ive(tliy 
ding lights ,, then will the degrees intercept» 
. ed *cwixt the fiducial lines of - the object 
ſighrs on the limb ſhow the crue diſtance. By 
this means you' may take any angle for ſur- 
Veying, &c. 


PROB Ls 3s To. 


To finde the Suns Altitade by a backward Oh, 


ſervation. 


Serve the turning light to the center at 
the beginning of the line of ſines, and ap- 


ply one of the ſliding ſights ro the outward 
; H 3 limb 
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limb of the looſe piece, and the other to the- 
outward limb of the moveable -piece; and 
turning your back toward the Sun , ſerthe 
ſliding fighe upon the moveable piece-next 
your eye; andflide it upward or downward 
toward the end, or head, until you ſeethe 
ſhadow: of the little bar; or edpe',-of the 
fighr on the looſe piece fall direaly anche 
litrle- bar' on. the wining ſghr ; and/ar the 
ſametime the bar of the {ighe next your eye, 
andthe bar of the turning lightro be in a di- 
ret line with'the Horizon. Then will the de- 
grees on the limb intercepted *ewixt the fidu- 
cial lines of the fliding fights (if you took 
the ſhadow of che bat) or 'ewixt the fiducial 
line of the ſlidiog fight next your: &ye;' and 
theedge of the other liding fight (when 
you rook the ſhadow of 'the edge ) be the 
rrne aleicnde'requireds, =» V7 RO 
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The Art of Dyalling for any plain 
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The diftinition of Plains, with Rules for knows 
ing of them, _ '\ 


LL plain Superficies are eicher hori- 
A zontal, or ſach as make Angles with 
the Horizon. | 
Horizontal plains are thoſe, thar lie up- 
on an exact level, or flat. | 
- Plains , thar make Angles with the Hori- 
z0n are of three ſorts: 
FREE H 4 1, Such 


| 
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7. Such as make righr angles with the 
Hofizon, generally known by the name of 

ereQ, or/uprighe plains, Þ—__ 
2, Such as make acute angles with the ho- 
rizon, or have their upper edge leaning to- 

ward you, uſually termell inclining plains. 
3; Luch as make obtuſe angles with the 
horizon, or have their upper edge falling 
from you, commonly called reclining plaing. 
""'* Alltheſethree ſorts are either direQ; viz. 

Eaſt, Weſt, North, South. i Or elſe 

From South ; toward Eaſt, or 


Declining4 prom North , goward Eaſt, or 
Wall; * ! 

All plain Superficies whatſoever are 
comprized under one of theſe terms. Bur 
before we treat af the affe@ions, or deli- 
' neation of Dials for them ; ir will be 
requiſite to acquaint you with rhe nature of 
any plain, which may be fqund by the fol- 
lowing Problems. WL 

PROKL Is, # \ | 


To finde the reclination of any Plaine, | * 


Apply the outward ledge of the moye- 
able piece to the Plain with che head up- 
SORE oy ward, 


| 
| 
| 
| 
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ward, and reckoning what number of de-' 
grees the thread cuts on che limib (beginning 
your account at 3O, on the looſe piece , and 
continuing it toward :6pjo on'the moveable 
piece) you have the angle of reclination, 


Tf rhe thread falls dire&ly'on 6/9 upon the 
- moveable piece,irts an horizontal; if on 36. 


on the looſe piece, its an erect plain. 
PROBL 3. | 
T ofinde the inclination of any Plain, - 
Apply -the outward ledge of the fixed 
piece to the plajn, with the head upward, 
and what number of degrees the thread cuts 
upon the limb of the looſe piece, is the com- 
plement of che plains inclination. 
PR OB Le. 3« 
To draw an Horizontal Line #pon any Plains 


Apply the proportional fide of the Inſtru-. 


ment cothe plain , and move the ends of che 


fixed piece upward, or downward, until che 
thread wo directly an 60 [o, upon the looſe, 
piece; then drawing a line by. the ourward- 

| ledge 
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 ledgeof the fixed piece, its horizontal, or 
paralel to the horizon. ES 


Protr. 4. 
To draw 4 perpendicular Line upon any Plain. 


When. the Sun ſhinerth hold up achread 
wich a plummet againſt che plain , and make 
ewo points at any diſtance in the ſhadow of 
che chread upon the plain , lay a ruler to 
theſe points , and the line you draw is a per- 
_ pendicular. 


 PROBL. 5. 
To finde the declination of any Plain. 


Apply the outward ledge of the fixed 
iece to the horizontal line of your plain, 
olding your inſtrument paralel cothe hori- 
zon, This done, lift up the chread and plum- 
mer,. until the ſhadow of the thread tall di- 
realy upon the pin hole on rhe fixed piece 
(where you hanp the thred to take alritudes) 
Then obſerve how many degrees the ſhadow 
of the thread cuts in the limb, either from 
che righr band, or from” the lefe hand oj60. 
opon the looſe piece ; and A: ta- 

ing 
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king the altitude of the Sun. By lib. x. cap. 
2. Probl: 9g, To, 11. finde-che Suns Azimfirh 
from South. And, kg" 3194 
When you make this obſervation in the 
morning , theſe Caſes 'determine the decli- 
nationof the plain. ent; 


OCapsn Tt. 


When the ſhadow of the-thread upon the 
limb falls on the righe hand ©ſ60 on the 
looſe piece, take the difference of the ſha- 
dow, and Azimuth (by ſabtradting the leffe 
out of 'rhe greater) and rhe refidoe or re- 
main is the: plains declination. From South 
toward" Eaft',' when the Azimuth is greater 
than the ſhadow. From Souch rnold, Weſt, 
when the ſhadow is greater than the azi- 
muth , when the ſhadow and azimuth are' 
equal, its a dire& South plain. When the 
difference is juſt go. irs a'direR Eaſt , when 
above go. ſubtract the difference from 180, 
and rhe remain is che declinarion from:North 
toward Eaft. $ 

: ; CASH 2. 

When the ſhadow falls on the left hand 
& 60. Adde the azimuth and fhadaw "_— 

: ther, 
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ther, that ſum is the plains declination; from 


Sotth coward Eaſt,” when under 90/; if it 
be jaft go, its a dire& Eaſt. If above 90. 
ſubtra&t ir from 180, the. remain is the de- 
clination from North coward Eaſt, When 
the ſum is above 180. ſubtra& 180 from it, 
and the remain is the declination from North 


roward Weſt. 
| Ci4s5' 3 


. When the ſhadow falls upon. o'60. the 
azimueh is the plains'declination. When un- 
der 99, its South-Eaſt , when equal eo. 90. 
dire& Eaſt, when above 90. ſubtra& ir from 
180,: che remain..is the declination,from 
North toward Eaſt. - Tit 

If you make rhe. obſervation. afternoon, 
the following Caſes will reſolve you. , 


Ca:s8.'4. | 
When the ſhadow: falls on the left hand 


© 60. the difference 'ewixt che ſhadow and. 


azimuth is the declination; when che ſhadow 
is more thanche azimurl1.ir declines Sourh- 
Eaſt, when leſs, South-Weſt. When the ſha- 
dow and azimurh areequal, its a.dire&t South 
. plain, when tlieir difference is equal co 90. 
its 


CO eat ————————_ => —— 
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its adire&t Weſt; when the difference ex- 
ceeds 90. ſubtra& ir from 180, the remain is 
the declination North-Weſt, 


CASE 5. 


When the ſhadow. falls on the right hand 
©/ 60. take the ſum of the ſhadow and azi- 
muth, and that is the declination from South 
toward Weſt, whenunder go. when juſt 99. 
itsa dire& Welt plain ; when more than 90, 
ſubrra& ir from 1 80. the remain is the decli- 
nation North-Weſt ; when the ſum is above 
180, ſubtra& 180 from it, and the remain is 
the declination from North toward Eaft. 


CASES 6. 


When the ſhadow falls upon 0'60. the 
azimuth is the quantity of declination. From 
South toward Weth, when under 90, when 
equal to go. its dire Weſt; when more 
than 90. ſubtrat it from 180. The remain 
is the declination from North coward Weſt, 
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To draw a Meridional Line upon a Horizontal 
* "Plain. 


Draw firſt a cirele upon the plain, and 
holding up a thread and plummet (when the 
San ſhines) {o rhac the ſhadow of the thread 
may paſs through the center of the circle; 
make a-point in the circumference where 
the ſhadow interſeRs it, 'At'the ſame time 
finding the Suns Azimuth from South , by a 
line of chords, fer it upon the limb of the 
circle from the interſeion of the ſhadow 
toward the South, and it gives che erue South 
point. Wherefore laying a ruler to this 
laſt poinr and che center , the line you draw 
is a true Meridian, 


mevtw, tit | 
CH a Þ. II. 
The affeftions of all ſorts of Plains. 
Sea. 1, 
The aff:ftions of an horizontal Plain. 
r. *F"Heſtyle, or cock of every horizon 


tal Dial, is an angle equal ro thac 
latitude for which the Dial is made. 

2. The place of the ſtyle is direAly upon 
the meridional, or twelve a clock line , and 
the angular poine muſt ſtand inthe cencer of 

the hour lines: k 

3, The rule for drawing the hour lines 

before (ix in the morning , 1s to draw the re- 

| ſpeRtive hour lines afternoon beyond the 
center ; or for the hour lines after ſix at 
eyening , draw the reſpeRive hour lines m 
the morning beyond the center. 

4. To place an horizontal Dial upon the 
plain ; firit draw a Meridian line upon the 
plain by Cap. I. Probl. 6. and lay in the line 
of r2. exaQly thereon, with the angular 
point of the ſtyle roward the South, taften 
the Dial upon the plain. 


Set 
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Sets 7; 


The affeBtions of erttÞ, direft South and Nutth 
: Plains, + | | 

x. The ſtyle in bath theſe is an _ 
equal ro the complement of the laricude for 
which the Dial is made. co ſtand upon .the 
Meridian line , or perpendicular of your 
plain, with the angular point in the center of 
the hour lines, and that poine in South al- 
wayes upward, in. North alwayes downward: 

-2, Toprick off the Dial from your paper 
draughr upon the plain , lay the hour line of 
6. and 6. ypon. the plains horizontal ; and 
applying a ruler to the center, and each 
© hour line, cranſinic the.hour lines from your 
paper draught cohe plain. 


—_ 


| Set. 3. | 
The affetions of ereft » dirett Eaſþ and weſt 
Plains. 


h r. Tn both theſe the ſtyle may bea pinor 

place, equal in length or heighth. ro the ra- 

Ag the tangents, by which you draw the 
ial. 


4, The 


= AY __ 


: Irh- 
wr _. in borh of ie FI ito a. 
diretly * ode the hour of fir ww 5 IN 
dicularto e plaio, | . 


Sett.. Le 
the affeftions of erelt dealining Plans 


I. Theſe are of two ſorts, either ich: as 
admir'of cenrersto the hour lies and ſtyle, 
or ſach as cannot with conyeniency ( becauſe 
of the lowneſs of che ſtyle, and hearnels « 
che hour lines to each other) be drawh wich 
a center to. thoſe lines. . Of this. latter ſort 
areal ſuch plains, whoſe ſtyle is an ahgle 
leſs than 15 degrees., For where the angle 
of "the {ſtyle is more than''r 5 degrees ; thoſe 
Dials may be drawn with a: 1b; et the 
hour lines. 

2, In allere& declining plains w ich cen- 
ters the Meridian'isthe plains perp Sendicu- 
lar, In thoſe char admit not of centers in 
their delineation, the meridian. is parplfehe eo 
the plains perpendicular. © ' 

5.Inall Jeclinitla plains: the ſubſtils, 0 
lin&whereonthe fiyle is ro ſtand, GRBs 
placed on that ſide the meridian , which is- 
contrary to the coaſt of declination ; and al- 
ſo in ſuch decliners as admic of centers , the 
angle 
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angle 'rwixt 22. and.6, is to be ſetto. the 
Contrary coaſt cochat of declination, _ ... 
4. Inall decliners, without centers, the 
inclination of meridians is tobe ſet from the 
ſubſtyle roward the coaſt of declination. 

5. The proportions in all ere decliners, 
for finding the height of the ſtyle , the di- 
ſance'df the ſubſtyle from the meridian, 
the angle of twelye and ſix, with the incli- 
nation” of metidians, (.all which may. be 
wrought either by the canon , or exaftly 
etonh for this purpoſe; þy the inſtrument) 
areas followeth. * v 


To findethe Styles Wight alone the Swhftile 


ecoline of the lati- 
declination ,.to che 


As the radius is. to x 
rude, fois the c line. o 


fine of the Ryles height, bone. 
To finde the Suhſtyles. diſtance from the 
" ” ; Meridian. } fk. s 


. 


; As the radius is torh {ine of declination, 
ſo is the co-tangent \ot che laticude fo. the 
rangear of cheſubſtyle from che Meridign,,” 


1, 
”/ 


"To 
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To finde the angle of twelve and fin, 


| As the co-tangent of the latitude is 20 the 
' ridins, ſo is the fine of declination, to the 
co-tangent of [ix from twelve. | 


To finde the inclination of CMeridians. 


As the line of the latitude is to the radius; 
ſo is the.tangent'of declination toche tangent 
of inclination of Meridians. © | 

6, All North decliners with centers have 
the angulat point of the ftyle downward, and 
all South have it upward, | 

- 7. All: North decliners\-withone centers 
have the narroweſt end of the ſtyle down- 
ward, all South have it upward, - | 

$; In all decliners without centers take 
ſo much of the ſtyle as gou think convenient; 
but make points at its beginning and end up- 
on the ſubſtyle of your paper draught, and 
tranſinie thoſe points tothe ſubſtyle' of your 
plain, for direQion in placing your ftyle 
thereon. <1 

9. Inall North decliners the Meridian, 
or inclination of Meridians is the hour line 
of twelve ar mid-nighe - in South declinersy 

*,-5:PD ay 
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at noon, or mid-day. This may tell you the 
rrue names of the hour lines... 

1c, intranſmitting theſe Dials from your 
paper draught to your plain, - lay: the hdri- 
zontal of your paper draught, upon the hort- 
zontal line of the plain, and prics off the 
hours and ſubſRyle. 


Set. 5. 

The affeltions of dire? wh $clining Plains. | 

For South Recliners, nd North Incliners. 

7, The difference *ewixt your co-latitnde, 
andthe rl Cclination is che elevation, ' or 
height of the ſtyles... - p £3 4 

2. Whenthe — >clinarion exceeds your 
co-latitide , the canerary pole is elevated 


ſo much as the exceſs, -Ex. gr. a North re- 
cliner, or-South incliner 50. d, in lar. 52. 3O. 


min. the exceſs ofthe r© $clination'," 0 


. your co-laticude is 'I2, d, 30. min. and fo 
much the North js elevated on the recliner, 
and the South pole an the incliner, 
| 3. When 
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3. When the 7" Cclination is equal tathe 
co-latitade, its a polar plain. | | 


For $ oth incliners , and North recliners. 


I, The Sum of your co-laticude, and the 
re 


- &clination is the ſtyles elevation. 


2, Whenthe Fi Selination is equal to 
your laticude, its an equinoRial plain, and 


che Dial is no more than a circle divided in- 


to 24. equal parts, having a wyer of any 
convenient length placed in the center per- 
pendicular to the plain for the ſtyle. 


3. When the Fo Sclination is greater 


than your latitude, take the ſumme of the 


'; I» TRE 
= £clination of your co-laticude from x80, 


and the reſidue , or remain is the ftyles 


height.. But in chis caſe the ſtyle muſt be 


ſer upon the plain, as if the contrary pole 
was elevated , viz, Theſe North recliners 
muſt have the center of the ſtyle upward,and 
the South incliners bave ie:'downward. 


;# 2 Note. 


* 


: 
$ 
| 

: 

; 
x 
| 


— 
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Note, In all bane, re-in-cliners, for 


their delineation the Ryles height is to be 
called the co-latieude, ,and then you may 
draw them as ereft dire plains, for South, 
or North (as the former rules ſhall give 
chem) in chat latirude , which is the comple- 
ment of che ſtyles height. $ 


For direld Eaſt and Weſt 7" Cliners, | 


I, Inall Eaſt and Weſt h Ccliners » you 


may refer themto a new latitude, and new 
declination, and then deſcribe them as ere& 
declining plains. 

2, Their new laticude is the complement 
of that laticude where the plain ftands , and 
their newdeclination is the complement of 


their = clination : Bur to know which way 


you are toaccount this new declination , re- 
member all Eaſt and Welt recliners are 
North-Eaſt, and North-Weitt decliners. 
All Eaftand Weſt incliners are Souch- Eaſt, 
and South-Weſt decliners. 

3, Their new latitude and declination 


knowb, you may by Sect 4. par. 5; ms 


OLE KL 
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ſubityte from the Meridian, height of the 
Ayle, atgle of rwelvEand fix, and incfiria- 
tion of Meridians, ulihg in thoſe proporti- 


ons the new latitude and new declination iti» 
ſtead of rhe old. 


4. Tn all Eaſt arid Weſt ** ed lioers| with 


. centers, the Meridian lies i in the horizotral 
fine of che plain; in ſuch as have not cen- 
rers, its paralel ro che horizontal line, 


Sect. 6. 
The affefQions of declining fr Cclining Plains. 


The readieſt way for theſe, is to refer them 
to anew larirude, and new declingtiorh by 
the ſubſequent proportions, 


Is Tofinde thentw Latitude, - 


As the radius is to the coline of hs hated 
dealing ,. ſo_is the, co-rangent af; the 


of ner co che rangent of a fourth ark. 


South recliners 
Gs 3 North incliners. beer che" \diferonce 


"*exixt"chis fourch ark, and che ſatiade of 


I 4 your |} 


— 


t 
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| your place, and the complement of that dif- 
erence is the new laticude ſought. If the 
fourth ark be leſs than your qld laticude, the 
contrary pole iselevated ; if equal*xo your 
old laticude, ow a polar plain. 
South 1acliners - 
| In} Norrt recline he difference 
*ewixt the fourch ark, and the complement 
of your old latitude is the new latitude. If 
the fourth ark be equal to your old co-lati- 
tude, they are equinoRtal plains. 


_ -»2, To finde the newdcclination. 


As the radius is tq the coline of the 
y clination , ſo isthe fine of the old decli- 
nation to the ſine of the new. 


3. To fine the angle of the Meridian with the 
 -, - Horizontal Line of the Plain, . 


-  Astheradius isto the tangent of che old 
5 SIMD7 $45 99009417 88D: 4-0 
declination, fo is the line of ind clination . 
totheco-rangent of the angle of the meri- 
dian with che horizontal line of the plain. 
"#4 +F = . | - "This 
| Nags 7 


4 Py 
* 
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This gives the anglefor jrs ſcituation. Ob- 
ſerve, in |; | 


0 


above f That end of 
 4.oe-'; 0 28. Rs 
;c lefs thanz |j_.. rizontall 
'3 polar,the 4 Line con- 
(| Meridian? 4 trary to 
l lyes.. | the Coaſt 
of Decli- 
| below; nation. - - 
| KG 
North © |- 
1ncliners | 
South p 
recliners | 
4 ; ' {below That end of 
i Lmore than [ the Ho- 
a polar, 1} rizontall 
the Meri- & e next the 
dian lyes. Coatt of 


l Declinati- 
Cabove © on, 


North 
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O 01 | ſaboye \Thatend of 
| che Hori- 
, oj Ji zontalnext 
DN9 34 = a Vi the Coaſt 
i [{{&6thanan | of Decli- 
kb: 10S e nino- þþ , \nation, 
109 © Aial, the I. | 
03 Na Meridian = I Hare 
Ps 7 f | rec INErs. 
PE + a0 | + this Meri- 
ES Foes: dian is 12. 
Notth Y = | | at mid- 
RD {below t nighe. 
| equal roan equinoRial the Mert- 
'Sourh | dian deſcends below:the Hori- 


incliners | zontal at that end congrary to the 
coaſt of is 7a che ſub- 
ſtyle lies in che hour line of (ix. 


| below CThat end of 
{Ymore- thyn 'the hori- 


{y9fd | GO 
cliners this Meridian is only uſeful for 
Tawthg the Dial, and placing the ſub- | 
ſtyle, tor the hour lines muſt be drawn 
| +... through the center tothe lower _ 
b4 4 4# * cer 


{ n equing- | zontal con- 
+ l ] he , .C h 

| lai, the & 4 trary tothe 
j eridian | declination. 
4 ESo ED , | "A 

' \ | above {In South in- 
id 

i 
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Aﬀer you Have by rhe former proportiot 
and rules foiind the bew larhviide, new decl- 
nation, the angle and (citation of rhe mieri- 
dian, your firſt buſineſs in delineating of 
the Dial will be (botfr for fuck a$ have cen- 
ters, and ſuch as admrt not of centers) to 
ſer off the meridian in its proper coaſt and 
quantity. This done, by Sed. 4. Paragr- 5, 
of this Chapter , finde che fabſtyles diſtance 
from the Meridian, the beighe of che ftyle;' 
angle of twelve and ſix (and for Digls with- 
our centers, the inclination of Meridians) 
in all choſe proportions ,; wfing your new la- 
tirade and new declination, inſtead of the 
old , and ſetting them off fromehe Meridi- 
an, according to the dire&ions in Paragr. 3. 
and 4. you may draw the Dialsby the fol- 
lowing rules, for erett declining plains. | In 
placing of chem, lay the horizontal line of 
your paper draught upouthe horizontal line 
of your plain, and prick off the ſubſtyleand 

hour lines. | WE 
| Only obferve, That ſuch South-Eaſt, or 
Sonth-Welt recliners, as have the contrary 
ole -elevared maſt be deſcribed as North- 
zaſt, and North-Weſt decliners ,. and ſuch 
North-Eaſt, and North-Weft incliners as 
have the contrary pole elevated, muſt be 
deſcribed as South-Eaſt, and = 
| ng 


he 
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decliners, which will dire& you which way 
co.ſet off the ſubRyle,. and hour line, of ſix 
. from the. Meridian .tny thoſe'oblique plains, 
which admit of,,centers. , or::the ſubſtyle 
from the 'Meridian,;: and the inclination of 
Meridians from the,ſubſtyle in ſuch as admic 
24Ht Canpars. TIES 
BY eclining po rplains' muſt have a pe-. 
culiar calculation for the ſubtyle and incli- 


4 


| nationof Meridians; which is thus. 


To finde the Anele of the Subſtile with the Hori 
zontal Line of the Plain. | 


As the radius" is to the ſine of thepolar 
plains reclination; ſo, is che tangent of decli- 
nation tothe co-rangent of the ſubſtyles di- 
ſtance from the hor1zonral line of the plain. 


} 


To finde the inclination of CMeridians, - 


Asthe radius is tothe ſine of the latitude, 
ſo is the rangent of declination to the tan- 
gent of inclination of 'Meridians, . __ 

5. Thereclining declining polar hath the 
ſubſtyle lying below that end ofthe horizon- 
ral line that is contrary co the coaft of de- 
Clination, The inclining declining polar 

4 + 6. © <4 fs __ , hath 


2 on oa - Bas « i 
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horizoneal line , confiry to the: coaſt: ny 
declination. 


Pe » 
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Cnar; Ix. UN TO e070 
The delineation of Dials for any plain Super ficies 
HE it will be neceffary to premiſe the 


explication of ſome few rerms and 

ſymbols, which for breviry fake we ſhall 
hereatrer make uſe of. Ex; gr. 

\ Rad. denotes the radius, or (ine 90. or 
cangent 45. 

Tang. -isthe eangeneof dnyarch or nim- 
ber affixed to it, "t 

Cos. isthe coſine of any arch or vumbet 
of degrees, or what it wants of 90. 'Ex.-gr. 
cos, 19. is what 19. wantsof 90. that'is7 I. 

—_— is the co-tangent of any ar 
number afhxed eo it, or what it wants of 90. 
Ex. gr. co-tangent 30. is' wed Jo. wants of 
90. that is 60.  - wry W 
--This is a note of equality. in | lies,mablers, 
or degrees. Ex. gr. AB-CD., Thar is, the 
line AB. is equal unto, or of the ſame.length 
as'the line CD. Agair, ABC--EFG.'r 
is the angle ABC, is of rhe ſame quantity, 
or 


-'0n 4 Seftor:. © a5 
bath the ſubſyle lying above'that end of the 
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e EFG. 
Once more AB--CD=-FGo-tang; .I5. Thar 
is AB. and CD. and FG, are all of xhe ſame 
lengeh,and that length is th8 tangent of 15.4, 
as This is a note of two lines being paralel 
unto, or equidiftant from each other. Ex. gr. 
FL a RS. that is che line FL. is paralel un« 
f0;-9r equirdiiane from the line RS. 


Ef Sea, T, , 
\'TiMelineatd an borizantal Dial. See Fig. 95. 


-, Eſt draw the ſquare BCDE. of what 
quantity the plain will permic. Then make - 
-: AF-rAG+HD--HE--line of the laticude, 
and AH--Radius. Enter HD. in'tang, 45. 
endkeeping'the Sector.at that gage , ſec off 
Ri-:HK otang. 15; and HO--bHL-= tang.30: 
Again; enter» ED- in tangy 45- and ſet off 
FOLMGN--tangs £5: and EP--GM--tang. 30, 
FE is. done; 093 40 | 4:50 ror) 
NY AQ, AP. AD. AO. :AE. for the 
hour lines of 5. 4. 3. 2. 1. afrertoon; Again, 
2 Draw AK. AL. AE; AM. AN: for the 
hour lines of x1; 10; 9. 8,7. before noon. 

: The line FAG. is for (ix and fix. In the 
ſame. manner you may prick the quarters of 
an hour, reckoging three tangents, and, 45, 


or auinber of degrees, as the ang] 


of "4 
mis * 
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minutes, for a' quarter. How to draw the 


hour lines before; and after lix , . was menti- 


, \\9 \ 


 oned, Chap. 2. Seft. 1, ' 
Sect. 2. 


1 


To aferit an erett, dives South Dial See 


' Fig. 10)! 

Draw ABCD. a rea rafetl 

Sram, . Then'make RS 
of your Jatityde.' And BEA C--BD-aſ ne 
of your1atirude. Enter CF; *t tang. 45: #6d 
lay down FK>-FL--rang?r 5; und LG 
tang, 30.. Again, enter AC. oo P. 
lay down AG+»-BQ--1 5. amd 
tang. 30. with a ruler draw thelines' 
EC. EF. EK. for the hour 1iftes%f 7: Ng. 
Io. 11. inthe morning.” and. EO. ENZED. 
EM. EL. for 5. 4. 3. 2. /1\'#feernoon, the 
line AEB. is for tix and: 18 The-line EF, 
for twelve. 

The deſcription! of a' dire& North: Dial 
differs nothing from this, '6nly the hour 
lines from Sun riſe to (ix in-the'morning, and 
from 1ix in the evening, until Sun ſer ; miſt 
be placed thereon, by drawing there] Jeftive 
morning and evening hours beyond the cen- 
ter as ia the horizoncal, See Fig. 1f, - '* 
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Th deſiribe an ere, tives gs Did. See” 
Fig 12, 


Having drawn ABCD. a reangle para» 
Jellogram,c fix upon.any .poine--in'the lines 


AB. and CD. foxthe live of lix, provided 


the diſtance from that point to A. being en- 

dradius in the line of rangents ,-rthe di- 
Fo frotrthencetoB. may norexceed; nor 
Fon come ſhort:of the tangent: 75, This 


} 


row 


to A. wick weſhall call 6A.) ra- 
a thelineof tangents, and keeping the 
Qt at HAT GRgE. s lay down __ the lines 
Oo d CD. 6, LI«--tahg. 7 5.'6. 10--rang; 
: os and 6, Ber Gy: AN. --tANS.:4 9. Ind 6. 8. 
p< 4;-=02 
Sr heoea rom; theſe points on. AB. to'the 
I CATES. points on, CD, and you have the 
ours. 
- :To place it, on'the plain,: draw the arigle 
DCE.--co-lazitude; and laying: ED. onthe 
horizoneal line of the plain; prick off the 
| hours. 
- -.. Theſame rules ſerve for delineation of a 
Weſt Dial, only as chis hatty morning, chat 
muſt be marked wich afternoon hours. - 


Sect. 
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eing found 5) enter the. diltatce from 


«, 3O» Laſtly6. VALE 6, g--fang [I 5. 
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"on 4 Sefter. 


Sea. 4. 


| To deſeribe an erebt declining Dial, having « 


Center, See Fig. 14. 


| Draw the ſquare BCDE, and make AC-- 
AK of quantity what you pleaſe, Again, 
draw AG. 12, ® CE, and KHF. = AG, 12. 


By a line of chords, ſer off the angles of 


the ſubſtyle, ſtyle, and hour of ix from 
twelve; having firſt found theſe angles by 
Chap. 2. Se. 4. Paragr. 5. This done, 
make a mark in A 6,, where .it interſetts KF. 
as at H. Ther enter A K. inthe ſecanrofche 
plains declination, and. keeping the Seftor 
at that gage, take out the ſecant of the lati- 
rude; which place from A to G. upon the 
che line A. 12. and again, from H. (which 
1s the interſeRion of che paralel FK. with che 
lineof (ix) unto F, This done, lay a ruler 
to the points F. and G. and draw a line un-. 
til 1tinrerſets CE. as FG. 3. Laſtly, .. 
Enter GE. in tang. 45. and fer off GL-- 
GN--tang. 15. and GM--GO--tang. 30. 
Apain,enter HF.intang. 45:and ſer.off HR-- 
tang. 15. and HP--tang. 30. A rulerlaidro 
theſe points, and the center, you may draw 
rhe hours lines from (ix in the morning unts 
K chree 
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three afternoon. For the other hour lines, 
do thus, Producethe'line EC. and likewiſe 
HA. beyond the center, until be {n= 
each other as'at $. Then ferting off ST-2HR. 
and S. 4.--HP, you have the hour points af- 
ter three inthe afternoon, until ſix, alchough 
none are proper beyond the hour line of 
four ; only by drawing them on'the other 
1idethecenter, they help you to the hour 
lines before ſix inthe morning. - | 


Sets 5. 


To deſcribe an ereft decliviing Plain without « 
Center. Ste Fig. 12. | 


The delineation of theſe Dials is the moſt 
difficult of any, and therefore Tſhall be the 
larger in their deſcription. 

I. By Chap. 2. S. 4. Parapr. 5. finde the 
angles of the ſtyle; ſubſtyle , and inclination 
of Meridians. 

_ 2. Having found the cinclination of Me- 
ridians, make the following Table for 'the 


diſtanceof 'every hour line and quarter from | 
the ſubſtyle. Where I 'rake'for example « | 
North plain! declining Eaſt 72. d. 45. min. | 


in lat'5 2, 30, min. 


Libat. * 


| 


The | 
7 
Fi 


— - 


thus, The. inclination 


of Meridians (which... 


becauſe its a North 
decliner, is ewelve at 


76.d. 30. min. New 
conſidering .the Sun 
never. riſech .till more 
than half an hour af- 
cer three in this lati- 
rude, .I'knaw.that one 
EN pee -lour is 
chefic{t line proper for 


thisplain: Therefore 


reckoning 15. d. for 
an.hour,.or. 3.d. 45.M, 
for a quarter of an 
hour ,;I finde three 
hours, three quarters 
(the diſtance of a 
yourver before four 

rom midnight).to an- 
ſwer 56. d, 15. min: 
which . being ſubtract- 
ed from 76.4. 36.min. 
the inclination of Me- 
ridians there remains 


h 4 —_ ws i 6d & ai bd” hs 36 ne dated : % EE th 
r & . 


The, manner ; of... 
drawing this Table is . 


Jmcl.mer.ho7.quare: 
76-- 30. 12 ©0 


20-- I5 
46=-- 30 
I2-- 45 


:09-=.00 


Qg-- T5 
01-- ,30 
O2+-- 15 
06--.00 


0g-- 45 


.,A8-< 30 


17-- 35 


: 2 [-- O00 


24-- 45 


20-- 30 
Z2-- I$ 
36-- 00 
39-- 45 
43-- 30 
47-- 15 
Fl-- 00 
54-- 45 
5B-- 30 
63»- IF 
66-- OO 
69-- 45 
73=- $0 
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20, d. 15; m. for the diſtance of one quar- 
rer beforefour from the ſubſtyle.  Apain, 
from 20. d. 15. min, ſubtra& 3. d. 45,-min. 
(rhe quantity of degrees for one quarter of 
an hour) and there remains 16. d. 30. min. 
for the diſtance of the next line from the 
ſubſtyle, which is the hour of four. in the 
morning. Thus for every quarter of an hour 
continue ſubtraCting 3. d. 45. min. until your 
 relidue or remainbe leſs than 3.d. 45. min- 
and then firſt ſuberaQing that reſidue out of 
3.d. 45. min. This new reſidne gives the 
uantity of degrees for that line on the other 
de che ſubſtyte.” Now when youare pafſed 
tothe other ſidecof the ſabſtyle, continue 
adding 3. d. 45. min. to this laſt remain for 
every quarter of an hour, and ſo make up the 
rable for what hours are proper to che plain. 
3- Draw the ſquare ABCD.of what quan- 
tity che plain will admir, and make the angle 
CAGequal tothe angle of the ſubftyle with 
_ twelve. Again, croſs the line AG. in any 
two convenient points, as E. and F. at right 
angles by the lines KL. and CM. 
- 4- Takethe diſtance from the center unto 
45. the radius to the leſſer lines of rangents, 
which is continued to 76. on the SeRor lide, 
enter this diſtance in 45. on the larger lines 
- of cangents, and keeping the SeRor at thy: 
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age » take out the tang. 20. d. 15. min; 
R ich js the diſtance of the firſt line from 
the ſubſtyle) ſer this. from 73. d. 30..mins 
(the diftanceof your laſt hour line from the 
ſubſtyle, "as you ſee by the Table) toward 
the end upon the lefler line of tangents, and 
where it coucheth. as here. at 75. 05. call 
thattche gage tangent. . 

5- Enter the whole line KL. in the gage 
eangent, which inthis example is 75..d. 05. 
min. and keeping the SeQor at that gage, 
takeout the tangent 73, 30. min. which is 
your laſt hour, and ſer from L. on the line 
KL. unto V. Again ,-take out the tangent 
20, d. 15, min. which is your firſt line , and 
ſer it from K. towards V.and if irmgetin V. 
it proves the truth of your work, and a line 
drawn through V. paralel unto AG. is che 
true ſubſtyle line. Then keeping the Sector 
at its former gage , ſer-aff the rangents of * 
che hours, and quarters (as you finde-them 
inthe Table) from V.towards K.and from V. 
towards L., making points for them in the line 
KL. Laſtly, enter che radius of your tan- 
gents totheſe hour points inthe radius of ſe- 
cants, and ſet off the ſecant of the fyles 
height from V. co T. . Thus have you the 
hour points and ſtyle on one line of- contin- 
ence. To mark them out upon the other line 
0 thus, K-3 Ser 
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- Set hs raditisro tHe hour points pan the 


Koriher line of contingerice, from Þ, rd p. 


onthe fine ChM.' ad entring hV\. 4s Radius 
inthe line of rgngencs; cake” our the tangent 
of: the' flytes height , and ſer from p, tor. 
* Again, enret br. tadine i your Tine of rani- 
gents, and keeping the 'Seftor art rhat gage, 


rake ont the tqngents for each hone, and 
f 


quarter, according to the rable, and lay them 
&+6wn from tr. tothe proper (ide of chefab- 
ſtyle toward C. oft M. and applying a roler 
ro the reſpe&tjve points on KI, and C M, 
draw the lines for the honrs and quarters, 
Eaftly, enter hr. radius on the lines of 'ſe- 
cants; and raking ou the ſecant of the tyles 
heighr, fer it from h.'t0S. and draw the line 
ST. forthe ftiyle. 
| 114996, 411) Secs. 6. . | 

To deſpribe 4 dire} polat Dial. See Fig. 15. 

Draw BCDE. a re&atrigle paralellogram, 

frorithe middle of BC: to che middle of DE, 
draw the line 1 +--vr ſubRyle , appotnt what 
place you oem ft! BC; or CD. forthe hoor 
p6int of 7. it the morning , and 5. after- 
Mas "Then, 0 

- Enter 13. 7.--r2: 5: inthetangent 75.and 
fetoff x2. 1.--12. 1t:;--tang.1s. and 12. 2,-- 
$2, 10*-tang, 70. and 12, 3,--12. 9.--tang. 
i -” 45. Ev 
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45.Laſtly, 12, 4.--12. 8.--tang. 60. From 
theſe -pointsdraw the hour lines of 7. 8; g. 
JO. II, 12. I. 2: 3. 4. 5o which. are all the 
| hours proper for theſe plains. 


Set. 7. 
To draw adeclining Polar. See Fig. 16. 


I, By Cha » 2, Set. 6. Par. 4. finde the 
inclination of Meridians , and- d{ftance of 
the ſubſtyle from the horizontal. 
| 2. By Chap. 3. Sed. 5. Par. 2. make a 

Table for the diſtance of the hour points 
frqm theſubſtyle. 

3. Draw the ſquare BCDE. ' Set off the 
angle CAG. for the ſubftyle , and croſs that 
|  ſubſtyleline at right angles in any two con- 


venient places, as at H. and K. with the lines 
PHS.. and RKT. for contingent lines. 

4. Take any convenient length for your 
ſtyles beighe, and enter it radius in your line 
of tangents, keeping the Seftor ar that BAges | 
| prick off the bours from the ſubſtyle (by 
| your table) upon both the contingent lines. 

Draw lines by che points in both contingents, 
| and you have the hours: 7 


For all other declining [* &clining plains, 
it would be needleſs (I preſume) to inſiſt up- 


on the deſcription of them : Sich ſo- much 
| | K 4 hach 
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that there can ſcarcely beany miſtake, unleſs 
through meer wilfuſneſs,or grandnegligence. 
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To determine what howr lines are proper. far any 
plain Syperficies. By projettion of the Sphere. 
See Fig. 17. * | 


Raw the Circle NESW. repreſenting 
the Horizon, and croſſing it into qua- 
drants N. is North. S, South, E. Eaſt, W. 
Weſt, NS: the Meridian (which ler be infi- 
nitely produced) Z. the center repreſents 
che Zenith. To finde the pole ſer half che 
co-tangent of the latitude from Z. roward N. 
it gives the point P. for the pole or thepoinr 
chrough which all che hour lines muſt paſs. 
' TheSunsdeclination in Cancer ſubrrated 
from the laticude, and the tangent of half 
the remain ſer from Z. ton. gives the inrer- 
ſetion of Cancer wich che Meridian. Apain, 
adde the complement of che Suns delineati- 
on in Cancer, unto the complement of your 
Jatitnde, and' the tangenr of half chat ſum 
ſet from Z.ro\y, gives, the diameter of that 
gropick, balf M4, is the radius to deſcribe ir. 
Half che tangent of your latitude ſer from Z. 
LE fs 
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hath been already mentioned, Chap. 2. S.6; 
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to Q. gives that point for the interſe&tion 
of the equator with the Meridian ; and the 
co-ſecant of che latitude ſer from a. roward 
N. gives the point Z. the center of the 
equator. | 
Adde the Sans greateſt declination (or his 
declination in Capricorn) to the laticude, 
and the tangent of - half chat ſum ſer from Z. 
coward S. gives the point g, where Capri- 
corn interſets the Meridian. Subtra&t the 
Sins declination in Capricorn from your la- 
eitude, and that remain ſubtrat from 180. 
che tangent of half chis laſt remain, ſerfrom 
Z. toward N. gives the point T. the diameter 
of Capricorn, and half the diftanceT op. is 
the radius to deſcribe tr. | 
Set the ſecant of rhe latitude from P. eo- 
wards S. it gives the point H. the center of 
the hour line of ſix croſs the line*ZSH. at 
righrangles in the point H. Then entri 
PH. Radius on the lines of rangents, ſet © 
che hour centers both wayes from H.reckon- 
ing 15, d. for an hour. Laſtly, ſetting one 
poine of your. Compaſſes in theſe center 
points, extendehe other to P. and with thac 
radius deſcribe the hour lines. Thus have 
you the ſphere projected , the following Se- 
Rions will decermine the hours for all 


plains. | 
. | Seat, 
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To determine the honr lines for ereit dire plains; 
BY Fig. 17. | 


The line NS. reprefents an ere& Eaſt,and 
Welt plain. That fide next W. is. Weſt, the 
other {ide next E. is Eaſt, where, you may 
ſee that the Sun ſhines upon the Eaft until 
ewelve, or noon, and at that time cames up- 
on che Welt, The lineWE. repreſents a di- 
re& North and South plain, the ſide next N. 


. is North, the orher next. S. is Squth , where 


the North cuts thetropick of Cancer (which 
inthe hour lines you. finde "rwixt-7. and 8. 
inthe morning; and apain *ewixr. 4. andy. 
afternoon) is . Brcha the-Suns goihg off, 
and.coming onthat. plain. Where the. South 
cutsthe equator, which. is in che points of 
lix, and{ix.is the time of the Suns going off, 


- 24 « 2 


and coming on that plain. 

0 © Ser. 2. 
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T0 determin the hour lines for direft i" delining 
hs Plains. Fig. 17. 

-"/NBS. on the convex ſide is a Welt 1n- 
cliner, where ir cuts Capricorn,is the time of 
the Sans coming on that plain,aftrernoon.On 


the concave lide its an Eaſt recliner, where 1c 
| Cuts 
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cuts Cancer, is the rime of the Suns going off 
that peace afrernoon. ew aut 
;S.. Ow the' 'convex ſide 'is an Eat in- 
clner,, where itcos Capricorn, is che time of 
che Suns going off inrhe morning, 'Onthe' 
concave fideit isa Weſt rectiner , where it 
cuts Cancer, is che rime of the Sins coming: 
on in he moraigg.'©7 Fre EET one ond 
WDE. On the convex fide is a Sotth int- 
cliner, where until D. reach: betow a. it 
hath allhours from fix to" fix, and nuntil' D. 
reacheth below 9. ic may have the twelve a 
clock line, But when D. reachert! below 
&. draw a paralel of declination to © paſs 
through che point D. and the imcerſ&tionot; 
that paralel with the limb of che circle NE 
SW. doth among the hour lines, ſhew the 
time of theSuns coming upon that plain in the 
morning,and going off again afternoon, when 
D. reacteth below g. te inrerſetion of rhe 
ark WDE. with the eropick of Capricorn, 
fhews the time of the Suns going off thac 
plain before noon, and coming on again, af- 
cernoon: And the interſeRion of che tropick 
of Capricorn” with the limb ſhews the: firſt 
hour in the morning the Sun comes on, and 
the laft hour afcernoon, that it ftaves upon 
that plain. The convex ſide of WDE. .is a 
north recliner, where ic cuts Cancer, is the 
Ume 
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time of the Suns going off in 'the morning, 
and coming on again afternoon. | 
WEE. Onthe convex (ide is a North in- 
cliner, where it curs Cancer, is the time of 
the Suns going off in the morning, and com- 
ing on + 09a On the concave lide is a 
South recliner, where until F. reach beyond 
P. it enjoyes the Sun only from ſix to fix. 
Whea F. reacheth beyond P. where the ark 
cuts Cancer, you finde how much before (ix 
inthe morning the Sun comes on, or after ſix 
at evening it goes off. £ 
To draw any of theſe arks, Ex. gr. the 
ark NBS. do thus. Ser the rangent of half 


the ww $-lination fromZ. onthe lire ZW. 
and ic gives the point B. produce ZE. andſet 
the co-ſecant of the $, clination ©*from-' B. 


towards E. which reacheth to G. then G. is 
the center.& GB.the radius to draw that ark. 
Notre. The Semidiameter of the circle 
SENW. is radius to all the tangents, and ſe- 
cants, which you make uſe of for placing any 
oblique plain upon che Scheme. | 
| Sett. 3, 
To determin the howr lines for ereft declining 
plains. Fig. 18, | 
For South-Eaſt , or North-Weſt plains: 
| By 


LS _— — = 
TOI os TS 


as ie nt alt of YER HR "ITY We,” © M 
- : 7 - 4” OT. —_—_ 
: af 


By aline of chords ſer the angle of decli- 
nation onthe limb from W. toward S. as H: 
lay a ruler to HZ. and draw HZK, which on 
that ſide next NW.- repreſents the North- 
Weſt, and where the line cuts Cancer, you 
havethe time of che Suns coming on after- 
noon, and ſtaying until Sun ſer. Burt if it 
cue Cancer twice, then inthe morning hours 
it ſhews what time the Sun goes off this 
plain , having all hours from Sun riſe to 
chat time, and in the evening hours you have 
the timeof the Suns coming on again, and 


ſtaying till ſun ſer. That tide HZX: next. 


SE. repreſents a South-Eaſt, Wherethe line 
cuts the equator in the evening hours, is the 
time of the Suns going off, where it cuts 
Cancer, inthe morning hours, is the time of 
the Suns coming on that pſain, For North- 
Eaſt, or South-Weſt, ſet the declination by a 
line of chords from E. towards S. as L., lay a 
ruler to ZL.and draw the line-LZR,which on 
chat ſide next NE. is North-Eaſt, where it 
cuts Cancer, is the time of the Suns going off 


tn the morning. If it curs Cancer twice, you - 


have in the evening hours the time of the Suns 
coming on again, and ſtaying until Sun-ſer. 
On char de next SW. is the South-weſt. 
Where-it cuts the equaror,orCapricorn inthe 
morning hours,isthe time of the Suns coming 
on, 
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© The Setulchele 
en;whene if cuts Cancer inche evening houn, 
therineof the wire wag: off, '+ 


To - the "ag of FX iT chain 
| Mains. Fig. 18. 


 -Firlyſer the lain according t0its decli- 
; NAtION» By Sect. 3- Ex. K20 a LZR. a North 
- Gall ar Sourh-Welt declining 50,d. comin. 
This done-Crofs the. line LZR. repreſenting 
the declination of. cae plain, at right,angles 
inthe yoineZ.as:CZBG. Then for North- 
Eaftanclivers, ox 'Sourh-Welt revliners , ;ſer 


half che rangent of the © © clination from 
w” wand {, x T. oh the co-ſecant of 
© in $<linarion from T. roward B. as TG, 


and 'G is the center, and GT..the radius to 
deſcvibe.che ark RTIL. Whoſe convex fide 

repreſents a North-Eaſt incliner, where ie 
cuts Libra or Capricorn, isthe cime of the 
Suns going off in the morning ;-if it curs 
Cancer twice, the interſeion of Cancer 
with the evening/hours ſhews what eime the 
Sun comes again upon ſucha plain afternoon, 
-and continues til} Sunſetting. The concave 
ſide.isa South-Weſt recliner , where ir cuts 
| Can- 


- 


Lib. " #na Sette. © 
Cancer inthe morning hours, is the time'gf 
_ the Suns coming on, incaſe itiinterſes'Can- 


cer twice inthe eyening hours, you havethe 
timetharrche Sun goes off. | Pe 
For a North-Eaſt recliner,or South-Weſt 
incliner, ſer the point T. from Z, coward B. 
and the point G. from T. (fo placed) roward 
C., and draw the ark on that fide RZL. ro0- 
ward B, whoſe convex fide will repreſent a 
South-Weſt incliner, and where the ark Cuts 
che equator or Capricorn, you have the rime 
of the Sunscoming on that plain, The con- 
cave {.deis a North-Eaſt recliner, where the 
ark cuts Cancer , is therime for the Suns po- 
ing off that plain. When the ark cuts Cancer 
twice, the Sun comes on again before it fers. 
For a North-Weſt reclinzr, or South-Eaſt 
incliner. Enter the declin:ztion by Set. 3, as 
HZK. Croſs it in the poirc Z. atright anples, 


as OZD. ſet half the rangenc of 'the fe $cli- 


nation from Z. toward O. as V. and the co- 


ſecant of the yi clination trom V, toward 


D. as F. thenis F. the center, and FV. the 
radius todraw theark HVK. Where it citts 
Cancer the hour lines, tell you the time of 
the Suns gojng off in the morning, and 'en- 
tring again afternoon, uponthe —_— 

» recli- 
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recliner. Where. it cutsthe equator youhave  * 
» therime of the Suns going off che South-Eaſt, * | 


, 


yy 
where it cuts Cancer in the morning hours is 
che time of the Suns coming on thac plain. 

- For a North- Weſt incliner, or Souch-Eaft 
recliner, ſer che point V. from Z. toward D: 
-and the point F. ſet from V; (fo placed) to- 

ward O. and draw the ark on thar (ide Z: 
d } .next D. Then where the convex ſide cuts 
$/}. Cancer, you have che time of the Sunsgoin 
i _ off inthe morning? and coming on again af= -: 

ternoon upon. the Norch-Welt incliner. 

. Where the concave ſide cuts the equator, 
'you haveche time of the Suns going off the 

South-Eaft recliner ; where it interſedts 
_ Cancer,is the cime of his coming on thar plain 
-intche "3 For You 

Note,All theprecedent rules about plains 
(AF are appropriated:o us that live in Northern 
wt  Hemiſpbere, In caſe any one would a ply 
#7, _ _. themrcoche Sourh Hemiſphere : What is lore 

F: called Noxth, there name South , and what 
we hereterm South, there call North, and 


the riiles are the fame; 


| . lengus | Ty 
L———Si quid nviſtie prompt piftis, 
!  Yecting - 


Candidus imperti - Sinon, His #lere mecumy 
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